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Section 1 Project Summary
1.1 Project Title | H21 - NIC
1.2 Project The project will provide quantified safety based evidence to
Explanation confirm the gas distribution networks of Great Britain are
suitable to transport 100% hydrogen. The evidence produced
will be used to support the case for a GB hydrogen conversion
which could represent the biggest single contribution to the
Climate Change Act.
1.3 Funding Northern Gas Networks
licensee:
1.4 Project

description:

1.4.1. The Problem(s) it is exploring

The H21 Leeds City Gate NIA project concluded it would be
technically possible and economically viable to fully decarbonise
the GB Gas Distribution Networks by converting them from
natural gas to 100% hydrogen. The safety based evidence for
such a conversion needs to be provided before the viability of
the option can be confirmed. A credible government policy
decision on decarbonisation of heat will not be possible without
this critical information

1.4.2. The Method(s) that it will use to solve the Problem(s)
The Project will undertake an experimental testing programme
which will provide the quantified, safety evidence between
natural gas and 100% hydrogen utilised within the existing GB
as distribution networks. The project has three phases, Phase
1A - Background testing (at the Health and Safety
Laboratories, Buxton). These tests will confirm potential
changes in background leakage levels. Phase 1B -
Consequence testing (by DNV GL, Spadeadam), these tests
will confirm any changes to safety risk under background
conditions, failure and operational repair. Phase 2 - Field
trials: These trials will be undertaken on in-situ mains to
corroborate the controlled results gathered in Phases 1A and 1B.
These tests will not be undertaken downstream of the meter
and will not affect customers gas supply

1.4.3. The Solution(s) it is looking to reach by applying the
Method(s)

The H21 NIC Project will provide the safety case to confirm the
GB gas distribution networks can be converted from natural gas
to 100% hydrogen. This evidence will strategically complement
the BEIS £25m funding programme which focuses ‘downstream
of the meter’ (predominantly within buildings) and technical
development of appliances. Together they will provide the safety
based evidence required to progress a credible policy decision
on heat.

1.4.4. The Benefit(s) of the project

An optimised solution to decarbonise heat is in the interests of
all gas customers. A conversion to 100% hydrogen would be
significantly cheaper, and more deliverable at scale than an all-
electric option. The benefits for converting just /3 of UK gas
customers to 100% hydrogen have been estimated to provide a
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£48bn financial saving (versus alternatives) and 363mtonnes of
carbon savings by 2050.

1.5 Funding

1.5.1 NIC Funding 13,310 1.5.2 Network 1,517

Request (£k) Licensee

Compulsory
Contribution (£k)

1.5.3 Network 0 1.5.4 External 261

Licensee Extra Funding -

Contribution (£k) excluding from

NICs (£k):

1.5.5. Total Project 15,172

Costs (£k)

1.6 List of Project Partners: Cadent, Scotland and Southern Gas Networks,
Project Wales and West Utilities, DNV GL, Health and Safety
Partners, Laboratories
External External Funders: DNV GL (£261K)

Funders and
Project Project Supporters: Element Energy, ERM, National Physical
Supporters Laboratories, Kiwa Gastec and YOEnergy. (Also see letters of

(and value of

support Appendix J)

contribution)

1.7 Timescale
1.7.1. Project Start 01 January 1.7.2. Project 24 December 2020
Date 2018 End Date
1.8 Project Manager Contact Details
1.8.1. Contact Name | Dan Sadler 1.8.2. Email & dsadler@northerngas.co.uk
& Job Title Telephone
Number 07584 391 466

1.8.3. Contact

Northern Gas Networks, 1100 Century Way, Thorpe Park

Address Business Park, Colton, Leeds, LS15 8TU

1.9 Cross Sector Projects (only complete this section if your project is a
Cross Sector Project, i.e. involves both the Gas and Electricity NICs).

1.9.1. Funding N/A

requested the from

the [Gas/Electricity]

NIC (£k, please state

which other

competition)

1.9.2. Please confirm | N/A

whether or not this
[Gas/Electricity] NIC
Project could proceed
in the absence of
funding being
awarded for the other
Project.

1.10 Technology Readiness Level (TRL)

1.10.1. TRL at Project
Start Date

1.10.2. TRL at
Project End Date
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Section 2. Project Description

2.1 Aims and objectives

The current GB gas distribution network transports natural gas (predominantly methane
CHa4) which is burnt in customers’ properties across the country producing carbon
dioxide, water and heat. Hydrogen (H2) when burnt only produces water and heat so a
conversion of the GB gas distribution networks to hydrogen would provide customers
with all the benefits of the gas networks without the carbon footprint. The H21 Leeds
City Gate (H21 LCG) NIA project has confirmed that a conversion of the GB gas
distribution network to clean hydrogen is possible. This NIC project, will build on the H21
LGC project by addressing the technical issues, is a collaborative bid involving all the GB
Gas Distribution Networks (GDNs).

Problem Statement: converting the GB gas networks to 100% hydrogen has the
potential to provide the biggest single contribution to decarbonisation. The safety based
evidence for a conversion to 100% hydrogen transported through the existing gas
distribution networks and then utilised within buildings needs to be provided before the
viability of the option can be confirmed. A credible government policy decision on
decarbonisation of heat will not be possible without this critical information.

The UK, as with most other countries around the world, recognises the challenge of
climate change and has resolved, by 2050, to reduce carbon emissions by 80% of their
level in 1990. In the UK, this is a legal obligation defined under the terms of the UK
Climate Change Act 2008. Climate change is one of the most significant technical,
economic, social and business challenges facing the world today and, to date, there has
been little investigation or thought leadership into the opportunity to decarbonise the GB
gas distribution networks.

Almost half of the energy consumed in the UK is to provide heat (760 TWh). That is
more than that used to produce electricity or for transport. Around 57% of this heat
(434 TWh) goes towards meeting the space and water heating requirements of our
homes (Ofgem Future Insights series: The Decarbonisation of Heat (2016)). Great
Britain has a world class gas grid and gas dominates its heat supply curve, heating 83%
of its buildings and providing most of its industrial heat. Decarbonisation of heat via a
gas grid conversion to 100% hydrogen capitalises on existing network assets and
ensures customers do not require disruptive and expensive changes in their homes vs
alternative solutions. Furthermore, providing a long-term solution to climate change
which utilises both the gas networks and electricity networks provides customers of
tomorrow with the same choice as customers of today, gas or electricity.

In 2016 the H21 LCG NIA project concluded that it would be both technically possible
and economically viable to decarbonise the GB gas distribution networks by converting
them from natural gas to 100% hydrogen. Furthermore, the study identified that this
could be achieved using technology that is technically proven across the world currently.

Whilst the benefits of such a conversion, in the context of climate change, are
undeniable there remain some essential evidence gaps which must be closed before a
policy decision can be made, or even realistically considered, to allow such a conversion
to take place. Section 10 of the H21 LCG report included a detailed roadmap of this
outstanding evidence.

Page 3 of 98



ofgem RIIORMS

This roadmap was further developed in Northern Gas Networks (NGN) ‘Executing the
H21 Roadmap’document which was presented to Ofgem and the Department for
Business, Energy & Industrial Strategy (BEIS) in December 2016.

This document clearly sets out the incremental steps required to de-risk a hydrogen for
heat pathway. These are:

¢ Quantifiable safety based evidence in both the distribution networks and
downstream of the meter (predominantly within buildings).

e Live trials, to promote customer and GDN asset manager acceptability (not part of
this H21 NIC).

e Front End Engineering Design to confirm the economics and strategic rollout for
policy.

Since publication of the H21 LCG report on 11 July 2016 there have been numerous

publications both confirming the reports viability and calling for urgent action to provide

the outstanding pieces of critical evidence. Most notable of these is the Committee on

Climate Change’s (CCC) October 2016 publication *Next Steps for UK heat policy’.

Some extracts from this report are included below:

e "“The Government will need to make a set of decisions in the next Parliament and
beyond on the best strategy for decarbonising buildings on the gas grid. Specifically,
it will have to decide on whether there is a role for (100%) hydrogen supplied
through existing gas networks (extending the useful life of the gas grid
infrastructure) alongside other technologies such as heat pumps.”

e “The main options for the decarbonisation of buildings on the gas grid in the 2030s
and 2040s are heat pumps and low-carbon hydrogen... At present the best balance
between hydrogen and heat pumps, alongside heat networks, is unknown. More
evidence is required.”

¢ “Investment now in R&D and pilot projects is crucial in order to test the feasibility of
hydrogen for heat and to reassure the public and businesses that fuel switching to
(100%) hydrogen networks can be done safely, affordably, and with minimal
disruption.”

¢ "Both heat pumps and hydrogen bring significant challenges, but in order to reduce
heating emissions close to zero in the long term, extensive use of at least one of
these options will be required... It is not possible at this stage to identify either heat
pumps or hydrogen as the dominant solution, nor should either be ruled out.”

The CCC reports key immediate recommendation for policy (2017 to 2020) is that
Government, Ofgem and industry need to recognise the (potential) case/need for a
mandatory switchover of some form - particularly for hydrogen. This finding was further
supported in Ofgem’s Future Insights series which states in the conclusions “In general,
we support the conclusion from the recent CCC report that the near-term steps should
focus on active experimentation, not on a wait and see approach.”

If the evidence for a GB gas distribution network conversion to 100% hydrogen can be
provided the benefits in terms of climate change obligations are enormous. However,
timescales to provide this evidence are now critical to enable optimised policy decisions
within the next parliament.

The ‘Executing the H21 Roadmap’ document clearly identifies the requirement to provide
quantifiable safety based evidence as the critical first step. This is the primary
requirement, as without the safety based evidence in place it is not possible (or
beneficial) to try to move towards a live trial. Confirming that hydrogen represents a
comparable and manageable risk to that presented by natural gas, in both the gas
network itself and downstream of the meter, (predominantly within buildings) is a critical
forerunner to progression to a live trial, which will promote customer acceptability. This
is supported in Ofgem’s Future Insights series which states “"Due to the inherent
similarities between hydrogen and natural gas, heating with hydrogen would perhaps
require less change for consumers versus a switch to heat pumps or district heating.
However rigorous appliance and safety testing will be needed to allay any potential
safety issues”.
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BEIS has announced a £25m funding programme which will focus on provision of
evidence ‘Downstream of the meter’ (predominantly within buildings) and technical
development of appliances. The H21 NIC project has been designed to complement this
BEIS programme and together they will collectively provide all the safety based evidence
required to progress towards a live trial and subsequent policy decision. It is appropriate
that government leadership in the form of the BEIS programme should focus on
‘downstream of the meter’ due to the highly fragmented nature of this market which
consists of many small companies with limited access to funding. The provision of the
quantifiable safety based evidence within the gas network should be undertaken by the
regulated GDN monopolies who have the expertise, access to the assets and importantly
access to significant innovation funding via the Network Innovation Competition to
undertake their complementary programme of work.

An additional conclusion in Ofgem’s document is: "We are keen to engage with
government and other stakeholders and ready to work on regulatory solutions for heat
supply more broadly. However, given the interactions, we consider it is not sensible for
us to take forward work in this area in isolation. We will therefore continue to liaise with
BEIS and other stakeholders and seek to contribute to future work”. The GB GDNs
believe this H21 NIC proposal, coupled with the governments £25m programme
‘Downstream of the meter’, meets with this ambition and will address the problem
statement.

The Method(s) being trialled to solve the Problem
The UK gas industry has evolved from its origins in the early 19t century to the
extensive, secure and reliable network we have today. Over that period the gas industry
has undergone one major gas conversion from towns gas to natural gas (1966 to 1977)
and has also upgraded significant amounts of its metallic mains distribution network to
polyethylene (PE) most recently as part of the Iron Mains Replacement Programme
(IMRP). Over that period the risks and associated asset management requirements for
the GB gas distribution networks have been extensively investigated and quantified. As
part of the quantification of risk required for the IMRP an extensive analysis programme
was undertaken throughout the 1990s by British Gas’s Research and Technology division
(now part of DNV GL) to develop a risk assessment methodology subsequently known as
MRPS (Mains Risk Prioritisation Scheme) which allocated a measure of risk to each
individual cast, ductile and spun iron and steel pipe segment. The methodology and
outputs from this work can be found in following key papers:
e McAIll, R.K; ‘Development of a risk assessment scheme for cast iron distribution
mains up to and including 12 inches diameter’, R2642, March 2000.

e MCcAIl, R K. ‘MRPS Coefficient Update - 2007’, R7635, February 2008.
e McAIl, R K. ‘MRPS Coefficient Update - 2007’, 1T4JSDK-30, October 2016.

The National Leakage test programmes for Transco (the former gas transportation
monopoly) and National Grid were undertaken through the 1990s and early 2000s
investigating the leakage rates of the gas distribution networks. The objective of the test
programmes was to update the leakage rates that are used to assess overall distribution
system leakage. In the event a total of 862 tests were carried out in the period. The
methodology for this work can be found in two key papers, which are not in the public
domain but have been provided to the H21 NIC project team free of charge.
e Evaluation of Leakage Measurement Methods for the British Gas 1992 National
Leakage Tests, March 1995.
e Methodology for Estimating Leakage Rates Used in the 1992 British Gas Leakage
Tests.
Whilst these papers provide the evidence for leakage associated with natural gas and the
methodology for acquiring that evidence they do not cover the implications for a 100%
hydrogen network. The concept of a 100% hydrogen network is not new and has been
studied in various papers and books since 1975, most notably:
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e Dr Rodger E Billings, The Hydrogen World View.

e WHEC 16/13-16 June 2006 - Lyon France, Durability and transport properties of
polyethylene pipes for distributing mixtures of hydrogen and natural gas. This
showed that the PE pipe is acceptable for hydrogen conveyance.

e H. Iskov, M. Backman, H.P. Nielsen, Field Test of Hydrogen in the Natural Gas Grid.
This investigated the effect of hydrogen on PE pipe up to 20 years old, no ill effects
were found.

e Hyhouse. This measured hydrogen concentrations within a property after a
simulated external leak. Generally, the concentrations of hydrogen within the
property were much lower than expected due to the very low density and high
diffusivity of hydrogen compared with natural gas.

e Singapore Standards CP51:2004. Standard for the distribution of town gas up to
65%v/v hydrogen. This standard defines Low Pressure (LP) distribution systems.

This evidence, coupled with a range of anecdotal evidence from across the gas industry
community, suggests that a 100% hydrogen gas grid conversion is a credible option for
large scale decarbonisation. However, considerably more evidence is required to confirm
the networks compatibility and quantify the risks associated with a gas grid conversion
than can be evidenced in the literature to date. The testing methodology set out in the
‘technical description of the Project’ below aims to provide this evidence which, when
coupled with the BEIS ‘downstream of the meter’ programme, will provide the
compelling evidence required to move towards live trials and ultimately a policy decision.

The development or demonstration being undertaken

The Project will undertake an experimental testing programme which will provide the
necessary data to quantify the comparative risk between a 100% hydrogen network and
the natural gas network. It builds on the existing H21 LCG NIA and has been
strategically designed to complement the BEIS £25m ‘Downstream of the meter
programme’. Additionally, the Project will work closely with the successful 2016
HyDeploy NIC project sharing customer liaison and social science best practice.

By 2032 over 90% of the GB gas distribution network will be predominantly polyethylene
(PE). However, there will still be some retained iron and steel mains. Furthermore, there
will be a range of different PE pipe ages, transition fittings (between PE, iron, steel,
different diameters etc.), services, service connections, buried valves, repairs, service
governors and district governors. This H21 NIC project will provide the quantitative
safety based evidence across a strategically selected range of these assets through a
comprehensive three phase testing programme as outlined below.

Phase 1A - Background testing: A strategic set of tests are being designed to cover
the range of assets and pipe configurations representative across the UK. A cross Section
of these assets will be removed from the networks and transported to the Health &
Safety Laboratory (HSL) site at Buxton. Controlled testing with natural gas and 100%
hydrogen will then be undertaken. These tests will provide the quantitative evidence for
changes to background leakage levels in a 100% hydrogen network.

Phase 1B - Consequence testing: Quantification of risk associated with background
leakage as determined in phase 1a, failure leakage (for example mains fracture, 3rd
party damage) and operational response, i.e. repairing leaks. this means establishing
what the consequence of leaking hydrogen will be for varying scenarios with different
potential sources of ignition and comparing these consequences to those for natural gas.
These tests will be undertaken at the DNV GL site at Spadeadam.

Phase 2 - Field trials: On in-situ mains, the purpose of which is to corroborate the
results gathered in Phases 1A and 1B. It is important to note these tests will not be
undertaken downstream of the meter and will not affect customers gas supply. Extensive
liaison with local authorities as well as a comprehensive customer engagement plan will
be developed with residents surrounding the field trials area.
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The Solution(s) which will be enabled by solving the Problem

Establishment of the compelling safety based evidence for a 100% hydrogen conversion
in the GB gas distribution network. Specifically, that the pipes and equipment in 2032,
i.e. following completion of the IMRP, will be as safe operating on either 100% hydrogen
or natural gas. This then unlocks a solution to low carbon heat which cannot be adopted
otherwise. This has the potential to decarbonise the gas grid through a conversion to
100% hydrogen and would represent the biggest single contribution to meeting the
challenge of the UK Climate Change Act. This solution to decarbonisation would allow
ongoing use of our national gas network ensuring the asset does not become stranded.
It would enable unlimited system coupling between electricity and gas through power to
gas technology and would have minimal impact on end use customers.

The carbon benefits of such a conversion have the potential to save a cumulative 190
million tonnes of CO2¢q per annum for the GB (based on 1.5mtonnes saved per 6 TWh -
see H21 LCG - and total UK heat consumption of 760 TWh), and offering more than
£145bn cumulative financial savings on a cumulative discounted basis. This route
addresses the energy trilemma; substantial carbon savings, a significantly lower cost
solution to the consumer, and a greater level of diversity and therefore security of

supply.

2.2 Technical description of Project

Conversion of an existing gas network to 100% hydrogen has never been undertaken
anywhere in the world. Such a conversion will require modification and/ or replacement
of end use equipment, for example boilers, fires, cookers and industrial burners. This has
been achieved before in the towns gas to natural gas conversion between 1966 and
1977. The impact of 100% hydrogen on end use appliances will be comprehensively
investigated by the governments £25m ‘Downstream of the meter programme’ and will
therefore complement the H21 NIC project.

The H21 LCG study has confirmed that, with minor reinforcement, the gas distribution
network has adequate capacity for conversion (the transmission network would not be
affected) to transport the same amount of energy and provide the same levels of energy
security utilising 100% hydrogen. It has also identified that all the technology to convert
the GB gas distribution network to 100% hydrogen can be evidenced across the world
today (e.g. steam methane reformers, salt caverns, hydrogen appliances). However, the
primary obstacle to progressing with such a decarbonisation pathway is the lack of
quantitative safety evidence both in the home and in the distribution network.

The GB gas distribution network is currently being upgraded with PE as part of the IMRP.
This programme began in 2002 and will be complete in 2032. The programme was
predicated on reduction of risk to life and property from an aging gas network. This
upgrade is a critical facilitator for a 100% hydrogen conversion because the welded PE
network is suitable for transportation of hydrogen.

However, at the end of the programme 10% (on average) of the remaining mains
population will be metallic. Furthermore, the network has an extensive range of below
ground materials, jointing techniques, buried equipment (for examples valves), services,
fittings, connections, existing repairs, district governors (pressure control equipment)
etc. Currently there is no evidence of the impact of 100% hydrogen on these assets, or
indeed the potential impact of ongoing operational management, of a 100% hydrogen
network, i.e. repairing leaks.

The H21 NIC project will deliver an optimally designed experimentation and testing
programme, supported by the HSL and DNV GL, which will allow collection of quantifiable
evidence that the GB distribution network of 2032 will be comparably as safe operating
on 100% hydrogen as it is on natural gas.
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The work will cover:

e The background leakage position of the network, i.e. does it leak more on 100%
hydrogen and if so by how much and where?

e The consequences of hydrogen leakage both background and through network
failures such as 3™ party damage, i.e. where does it go and can it be ignited?

e The operational considerations for ongoing network maintenance, i.e. can leaks on
the network be repaired safely?

This innovative project will fill critical safety evidence gaps surrounding the conversion of
the GB gas distribution network to 100% hydrogen. This will facilitate progression to live
trials to promote customer acceptability (see ‘Executing the H21 Roadmap’ document)
and ultimately aid progress towards a government policy decision on heat within the
next parliament.

2.3 Description of design of trials
This Section provides an overview of the trial being undertaken. A full technical
description of the Project can be found in Appendix C.

The objective of the Project is to provide compelling safety based evidence for a 100%
hydrogen conversion in the GB gas distribution network. Specifically, that the pipes and
equipment in 2032, i.e. following completion of the IMRP, will be as safe operating on
either 100% hydrogen or natural gas. This will be achieved through a three-tier testing
regime as detailed in Sections 2.3.2, 2.3.3 and 2.3.4 below.

The gas industry is well placed to galvanise the expertise needed to undertake the work
required to solve the problem. The project team and its Partners will draw on historical
evidence methods for leakage detection and destructive testing (see Section 2.3.2) and
has coupled that with international learning. This gives a high level of confidence that
the testing regime and outputs will achieve the objective. The most significant challenge
is to determine an appropriate range of assets to test in Phase 1A which will provide
quantifiable evidence which can be extrapolated across the asset base to update the
Quantitative Risk Assessment (QRA).

The leakage tests undertaken in the 1990s and 2000s had a budget in excess of £40m
(at present value). This was based on quantifying risk and updating the existing network
leakage model to ascertain the commercial impact of natural gas leaking from the
network. These tests were also somewhat easier to carry out as they could be
undertaken in-situ on an asset already *filled’ with and transporting the fuel (natural gas)
which was being tested. The tests within this H21 NIC project are being designed at
minimal cost whilst providing compelling and extrapolatable data. The biggest challenge
is restricting the tests to a £15m budget whilst meeting the objective and solving the
problem.

2.3.1 Pre-works: H21 LCG and '‘H21 - Keighley & Spadeadam Designs’ NIA

In addition to the H21 LCG NIA project the ‘H21 - Keighley & Spadeadam Designs’ NIA is
being progressed alongside the preparation of this bid. The purpose of this project is to
ensure project readiness should the H21 NIC bid be successful, to provide more certainty
of costs and to inform the master testing plan. If the NIC bid is unsuccessful this NIA is
still a significant contributor to the H21 LCG roadmap allowing network operators to
understand the experimental testing and design build requirements which will be needed
to fully understand the impact of 100% hydrogen conversion on their assets.

The primary focus of the ‘H21 - Keighley & Spadeadam Designs’ NIA is to understand
what is required at the test sites and to ensure that these designs have an appropriate
level of independent assurance to provide confidence that the final site designs will allow
effective execution of the tests. The designs will be independently design assured using
the principles of the gas industry’s G17 process. Additionally, the designs will be evolved
alongside the master testing plan, the purpose of which is to define how tests are carried
out, what is being measured and what are the outputs required. This will ensure tests
are always aligned to meet the strategic objective of the H21 NIC project. HSL staff will
be working with the gas industry to develop appropriate test plans which will provide
data and demonstration of leakage to feed into network modelling and the DNV GL QRA.
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This NIA has already had a significant benefit. The original ISP identified the NGN site at
Keighley for Phase 1A, background testing. Following an onsite meeting with the
designer and project Partners it was quickly determined that an established test site
would be required for the works. This assessment was made predominantly on a safety
basis but also based on logistics such as site security, impact on surrounding residents,
and ongoing operation use of the facility post project completion. There are only two test
sites for this type of work in the UK and the team agreed that the HSL site at Buxton
would be the best location for Phase 1A. This will ensure the work can be delivered
within the timescales and that an appropriate level of governance can be established
whereby the Spadeadam and Buxton sites provide input and assurance into each other’s
work.

2.3.2 Phase 1A - Background testing (HSL at Buxton)

In 2032 at the end of the IMRP the gas networks will still be subject to leakage through
its pipe and equipment. Understanding how this ‘background’ leakage level may alter
when converting the gas network to 100% hydrogen is critical for three reasons:

e If changes cause a safety concern, quantified as part of the Phase 1B tests.

e If changes cause a commercial concern, i.e. there is no additional risk but there is a
commercial impact from increased lost gas.

¢ An operational impact, e.g. a rapid increase in publicly reported gas escapes which
could be a safety and/or logistics problem which would also undermine public
confidence.

Selecting the assets to test at Buxton has required high levels of expertise and a range
of different selection methodologies. The project team has selected the assets to test
based on a range of criteria (see Appendix C). This has included:

e Current pipe risk assessment criteria. Consideration of the metallic mains
population in 2032 and the associated risk score based on the existing risk scoring
methodology used for the IMRP. This methodology, certified by the HSE, allows an
understanding of which of the remaining metallic mains populations represent the
highest risk.

o Historical leakage data. For different assets, particularly joints.

e Operational experience. NGN has drawn on engineering staff with over 230 years
of operational experience to identify assets to test. This has then been cross checked
with similar input from Cadent.

o Potential to extrapolate the results. Selecting an appropriate range of test that
will provide data which can be extrapolated across all assets whilst keeping tests to
an absolute minimum.

To ensure wide consensus on tests across all project Partners a three-phase approach
has been adopted. Firstly, the GDNs identified the range of assets they would
recommend for test based on the criteria above. Secondly, DNV GL reviewed the
recommendations using their historical background data to confirm agreement. Finally,
the HSL reviewed the recommendations and confirmed acceptability to meet the Project
objectives.

Careful consideration has been given to the optimum location to undertake these tests.
The actual costs for the site modifications are unlikely to alter irrespective of site location
as the works will largely be the same on whichever site is selected. The Buxton sites was
selected as it offers many strategic advantages as identified in Section 2.3.1.

The tests at Buxton will be undertaken on assets removed from the network. Where
possible the assets will be obtained as part of ongoing IMRP works ensuring minimal
additional customer impact. Other assets, specifically large diameter mains which are not
part of the IMRP standard works, will be identified across the GB gas distribution
networks which provides two advantages. Firstly, it allows the work to be shared across
all networks making logistics and deliverability easier. Secondly, it allows customer
impact to be kept to a minimum whilst engaging with a range of local authorities to raise
awareness of the Project.
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Once assets have been removed they will be transported to the Buxton sites for testing
as per the design developed as part of the ‘H21 - Keighley and Spadeadam Designs’ NIA
project. Tests, supervised and certified by the HSL, will then be undertaken in line with
the master testing plan. These will include a baseline test on natural gas followed by a
test on 100% hydrogen to quantify any difference.

The results of these tests will be used to confirm assumptions against the master test
plan for Phase 1B to ensure the range of consequence tests covers the background
leakage position.

2.3.3 Phase 1B - Consequence testing (DNV GL at Spadeadam)

There are only two locations in the UK that are used for this type of work due to its high
risk and specialist expertise nature, these are Spadeadam and the HSL at Buxton. The
H21 NIC project Partners (including the HSL) have agreed to do consequence testing at
Spadeadam to make efficient use of resources whilst allowing the HSL to bring important
oversight as an independent expert organisation intrinsically linked to the health and
safety regulator.

DNV GL at Spadeadam has over forty years’ experience carrying out hazardous testing
at large scale. It is the site where much similar research was carried out for the natural
gas industry (it was a former British Gas Research facility). Because of this heritage,
Spadeadam already has existing infrastructure, equipment and facilities for performing
experiments of the type planned, which will help to reduce costs. A further benefit is that
Spadeadam has the professional experience gained over many years of gas industry
research and testing that gives confidence that the hydrogen tests will be performed
successfully to gain the most benefit, including direct comparisons with previous natural
gas tests.

During this phase of the Project, it is essential that the safety of staff and members of
the public is ensured, while potentially high hazard tests are carried out. The Spadeadam
research facility occupies over 50 hectares of land within remote Ministry of Defence
property on the border of Cumbria and Northumberland. This unique facility enables
large exclusion zones to be established such that major hazard tests can be carried out
safely.

The master testing plan at Spadeadam is being developed based on decades of gas
industry experience in destructive/consequence testing. This has drawn extensively on
the unique expertise and extensive background which DNV GL can supply and which has
been provided free of charge for preparation of this NIC bid.

The tests at Spadeadam will look to cover three critical areas to be subsequently used in
the quantitative risk analysis. All tests will be carried out using leaks simulated as per
the site design (see Appendix C). This is a cost-effective way of understanding the
consequence of leaks and failure without physically removing the assets from the
network. The areas which will be quantified are:

Ground and air concentration testing: These tests will confirm how hydrogen
dissipates in the air and the ground from network assets (both above and below ground)
compared to natural gas. Tests associated with background leakage will be cross
referenced with the results obtained in Phase 1A to ensure an adequate range of tests is
being undertaken.

These tests will be undertaken by installing mains in trenches. These will then be tested
to verify associated concentrations of hydrogen in the ground (including ductwork) and

air for different types of backfill and cover (concrete, open ground, tarmac etc.) and at

different distribution pressure tiers.

Background consequence testing: Having understood how the hydrogen is likely to
migrate the consequence of such migrations needs to be determined, i.e. how leaking
hydrogen could ignite and/or explode when exposed to a range of background ignition
sources, for example engines, cigarettes, tools creating sparks under operational repair
activities etc.
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The ignition and explosion characteristics of hydrogen are well understood. These tests
will be pre-defined in the master test plan based on expert assessment and assumptions.
It is likely that this plan will need to be evolved by the team if the results from the
ground and air concentrations testing indicate different tests may be appropriate. The
results of these tests will then be contrasted against the known results for natural gas to
update the quantitative risk assessment.

Operational testing: A gas distribution network must be safely and economically
manageable. A 100% hydrogen network will still have background leaks reported by the
public and 3™ party damages which will need to be repaired. In addition, new
connections of either services or mains will need to be safely made. Understanding if the
network can be managed/repaired using existing working practices is critical to
quantifying the risk and progressing to any subsequent field trial.

These tests will simulate current operational practices for network repair and the
associated potential forms of ignition from carrying out such work. For example, this
may include simulating ignition sources such as roadside/excavation equipment, cable
strikes, static build up, for varying types of excavations at varying depths and pressures
of escape. Results from these tests will be used in the QRA but also to identify any
modifications to operations working practices that may need to be considered. If such
modifications are required they are outside the scope of this project.

2.3.4 Phase 2 - Field trials

As with all testing and QRA definitive conclusions can only be obtained with field trials.
Field trials are essential to provide the final evidence requirement. Ultimately live trials
for 100% hydrogen conversion will be required which involve physical conversion of
customer’s appliances and the network. However, this will only be possible once the
BEIS programme is completed to provide the safety based evidence, and as importantly
the physical appliances, for downstream of the meter use of hydrogen.

To provide definitive test results for the distribution network a test is required which
doesn’t interfere with the supply of gas to customers, i.e. a test on in-situ above and
below ground assets which are not providing natural gas to customers.

To undertake these tests the Project team is working closely with the West Yorkshire
Combined Authority to identify demolished/derelict sites where mains networks still
exist. Using these types of sites will ensure no gas supply disruption to customers and a
safe, but ‘real-life’ environment for carrying out field trials. These sites will be provided
to the H21 NIC project under legal agreement with the council and a range of sites are
currently being identified through extensive liaison.

The final site selected for test will be the one that provides the best value for money in
terms of cost, range of assets available, surrounding land use and level of customer
impact. The tests will include the following stages:

e Securing of the site.
e Validation of the condition of the mains and services.

e Corrective measures to the mains to facilitate connections, for example capping
services etc.

e Addition of assets to test where appropriate, for example district governors.

¢ Design the modifications to the site and associated installation of physical works to
facilitate measurement equipment, natural gas and hydrogen injection and other
associated temporary works design. This will be developed in accordance with the
master testing plan.

e Testing on natural gas to confirm background position.
e Testing on hydrogen to provide comparative data for the QRA.
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Prior to progression to Phase 2 the H21 NIC must pass a critical stage gate. The Project
Steering Committee (see Section 6 Governance and Appendix D) will only permit the
Project to proceed if the results of Phases 1A and 1B provide credible evidence that there
are no clear ‘show stoppers’ regarding 100% hydrogen gas grid conversion, i.e. that the
QRA indicates the risk is manageable and furthermore that field trials will be safe. The
HSL will have a critical role to play in the design and development of these tests as well
as impartially informing the Steering Committee on the decision to progress.

2.3.5 Modelling work and QRA

The GB gas industry history means that undertaking QRA and computer based modelling
for natural gas applications is well understood and developed. The results of the trials
will be used to undertake a comparative quantitative risk analysis between hydrogen and
natural gas.

Additionally, they will be used to update the computer based modelling systems, which
are already in place for natural gas, to be appropriate for 100% hydrogen applications.
This will provide a credible way to extrapolate the test results across all distribution
network assets. This will then be used to update the QRA for the tests to give an overall
QRA of the GB gas distribution networks operating on 100% hydrogen.

Undertaking the modelling work, building on existing developed systems and leveraging
decades of expertise ensures that the costs for this H21 NIC are kept to a minimum
whilst providing the compelling comparative safety based evidence to support a policy
decision.

2.4 Changes since Initial Screening Process (ISP)

There have been no significant changes to the Project since the ISP other than the
change of the Phase 1A test site from the original suggested location at Keighley to the
HSL Buxton sites as explained in Section 2.3.1 above.
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Section 3. Project Business Case

This project will provide the critical evidence to support a policy decision for an
incremental conversion of the GB gas distribution network to 100% hydrogen. This
evidence was identified as the first step in the ‘Executing the H21 Roadmap’ document.
This H21 NIC, coupled with the Department for Business, Energy & Industrial Strategy
‘Downstream of the Meter’ programme, will play a pivotal role supporting an essential
policy decision on heat decarbonisation by the early 2020s.

The mature and extensive GB gas distribution network cost effectively delivers energy to
customers who utilise highly efficient appliances, designed over decades to work in
conjunction with UK homes, to convert that energy to heat. The H21 NIC will establish
the quantified safety based evidence that the GB gas distribution network if operating on
100% hydrogen represents a comparable and manageable risk compared to the existing
natural gas system. A subsequent incremental conversion of the GB gas grid to 100%
hydrogen would represent the single biggest contribution to decarbonisation benefiting
heat, transport and electricity generation with a methodology transferable across the
globe. The quantified benefits are laid out below.

3.1 Great Britain energy system benefits

Great Britain has a world class gas distribution network primarily delivering heat to
customers effectively, efficiently and reliably. This existing asset has been designed over
200 years to manage the complex and wide-ranging profile of heat demand. A key
recognised challenge for decarbonising heat through an alternative energy vector (other
than gas transported through the gas networks) is the enormous annual volume of
energy required (circa 40% of net UK energy) and the incredibly variable nature of heat
demand. This is demonstrated on the chart below (taken from the H21 Leeds City Gate
(LCG) report) showing the extent of both the inter-seasonal demand profile and intraday
variations.

Demand Scaling, Seasonal and Temporal Combined

1in 20
C g 4""’/ peak demand

Early hours of the
morning through summer
s 89 - lowest demand

Time of day

Both inter-seasonal and intra-day demand are highly variable with a 500% increase
between summer lows and winter peaks. The gas network, due to its designed capacity
and the inherent properties of gas to store energy indefinitely, manages these variations
in a system that is 99.9% reliable.

As explained in detail in Section 4 and Appendix B alternative methods for the large-
scale decarbonisation of heat, for example electrification, have significant technical
challenges. These challenges manifest across the energy supply chain including:
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e How to generate the volume of low carbon electricity required for heat.

e How that is then transported and stored to manage UK heat demand through the
existing GB electricity distribution network whilst managing the daily and seasonal
swing in demand.

e How to change the 83% of domestic gas users home appliances given the historic
performance of alternative low carbon technology take up.

. How to decarbonise industrial and commercial heat which often doesn’t have an
electrical alternative but accounts for around 40% of annual usage.

The graph below, produced by Dr Grant Wilson at Sheffield University, demonstrates the
scale of the decarbonisation challenge when considered in a net UK energy context:
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Currently the UK requires in the region of 1,500-2,000 TWh of energy to support heat,
transport and electric generation. Around 83.6 TWh (Digest of UK Energy Statistics
2016) of this energy comes from renewable sources which is 5% of net energy demand.
If the UK is to generate all its energy for transportation, heat and electric demand from
renewables alone it will need to increase output by circa 20 times current levels. This 20-
fold figure is significantly higher when considering peak heat and energy losses down
electric cables (see Section 4). Additionally, we need to put into context large
infrastructure options such as Hinckley Point C which will generate approximately

25 TWh (circa 1.5% of net UK demand) of annual electricity at a capital cost of £25bn
and a build time of over 10 years.

In contrast, the existing gas grid is well proven in providing peak demand, securely
through a network that has already been designed to meet a maximum 6-minute peak
demand every 20 years. If the gas network can be repurposed to transport low/zero
carbon gas it will provide an enormous benefit to the UK meeting all the aspects of the
energy trilemma, i.e. security of supply with a network that is 99% reliable (and largely
unaffected by weather), low carbon, and value for money for customers when compared
to alternatives.

3.2 Decarbonising the gas grid - the options

There are various forms of low carbon gas and all have the potential, to varying degrees,
to play a part in the progression to a low carbon energy system. An incremental GB gas
distribution network conversion to 100% hydrogen also needs to consider the availability
of alternative forms of bio-methane. These primarily include:

e Bio-methane produced through anaerobic digestion.

e Bio-SNG produced via 100% black bag waste or biomass gasification.

Page 14 of 98



ofgem RIIORMS

Both these low carbon gas options are evident today and there is little doubt that they
will, and should, continue to contribute to net UK energy supporting the short to medium
term carbon reduction targets. However, whilst potentially important contributors, both
are limited by feedstock availability when considering the bigger picture of the target
within the UK Climate Change Act. This is to decarbonise UK net energy by at least 80%
by 2050 across all energy sectors including heat, electricity and transportation.

In addition to bio-methane and bio-SNG, the potential to reduce the carbon content of
the grid gas by partial blending of hydrogen, which is currently being investigated by the
HyDeploy project. This option is limited in its potential since the maximum envisaged
hydrogen addition is 20% by volume and this in turn will only reduce the carbon
footprint of gas usage by 6.6%, (as hydrogen contains /3 the calorific energy of natural
gas by volume the blend would still require 93.4% natural gas to supply the required
energy). This approach may however prove to be important by allowing unlimited
deployment of renewables onto the electric grid offering a means of avoiding electrical
grid constraints on the deployment of variable renewable electrical generation removing
constrained energy issues through efficient system coupling (i.e. conversion of excess
electricity to hydrogen gas).

Notwithstanding these credible and worthwhile alternatives there is still a requirement
for a large scale, low carbon, gaseous alternative to natural gas, i.e. 100% hydrogen, to
meet the longer-term objectives. Quoted directly from the Committee on Climate
Changes ‘Next Steps for Heat’ report, “"Both heat pumps and hydrogen bring significant
challenges, but in order to reduce heating emissions close to zero in the long term,
extensive use of at least one of these options will be required”.

The advantage of the 100% hydrogen conversion option for the GB gas grid is that it is a
large-scale one, unlimited by feedstock, which can be implemented incrementally over
time across the UK gas grid, i.e. one city then the next. Furthermore, the operation of
the gas grid can allow the conversion to be rolled out to provide the biggest benefit
based on cost and carbon reduction. The gas network in 2050 could consist of major
cities converted to 100% hydrogen providing the single biggest carbon saving with
smaller towns, villages or even low population density areas (for example, Cornwall)
being retained on sustainable low carbon methane supplies. An additional benefit of a
100% hydrogen conversion is that any bio-SNG plants can readily be upgraded to supply
hydrogen when the grid in that area is converted, yielding an additional 16% of energy
due to simplification of the gasification process.

Unlocking the potential for an incremental conversion of the GB gas network to 100%
hydrogen could represent the biggest single contributor to the Climate Change Act. It
would decarbonise heat utilising all the benefits of gas and the gas networks. Nearly all
the benefits of such a conversion will be realised by gas customers by avoidance of
installation of heat pump/alternative solutions, avoided costs associated with extensive
reinforcement of electricity networks and additional extensive ‘low carbon’ electrical
generation and storage. These cumulative avoided costs form the basis of Section 4. This
H21 NIC project will provide the critical safety based evidence to unlock this potential.

3.3 Network licensee benefits

3.3.1 Aligned with Strategic direction

All GB Gas Distribution Networks (GDNs) are seeking to make best use of the gas
network in a future low carbon economy. The potential 100% hydrogen presents for long
term decarbonisation utilising an established supply chain has been recognised by all
GDNSs. Over the last few years GDNs have individually and collectively been considering
hydrogen options for long term decarbonisation. Some of the key hydrogen specific
projects to date are summarised in the following table:
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Project name Funding GDNs
H21 Leeds City Gate (NIA) NGN (Lead), WWU
HyStart (NIA) Cadent (Lead), NGN
HyDeploy (NIC) Cadent (Lead), NGN
Hydrogen Clusters Cadent

H21 - Strategic modelling, Major Urban Centres (NIA) NGN (Lead), Cadent

H21 - Alternative hydrogen production and storage

technologies (NIA) NGN (Lead), Cadent

H21 - Domestic and commercial metering (NIA) NGN (Lead), Cadent
H21 - Keighley and Spadeadam Design NGN (Lead), Cadent
100% Hydrogen (NIA) SGN

All GB GDNS are collaborating and providing part of the mandatory contribution to this
H21 NIC bid.

3.3.2 Individual network benefits

The short-term benefit to GB GDNs would be quantification of any changes to leakage
position and risk of converting GB gas distribution network assets to 100% hydrogen.
This NIC project would also establish the testing protocols to determine such
parameters. Longer term benefits would only arise on conversion which would not begin
until the late 2020s at the earliest.

3.3.3 New opportunities
Incremental conversion of the GB gas distribution networks to 100% hydrogen provides
numerous new opportunities and additional benefits. These include:

e Removal of carbon monoxide risk from customer homes - it is impossible to produce
carbon monoxide from a hydrogen fuelled gas appliance.

e The potential for decentralised electrical generation from a low/zero carbon gas
network. This could be in the form of micro combined heat and power (CHP) in the
home. This would produce electricity locally from a low carbon fuel stock (hydrogen
grid) and, as a direct result, would reduce significant amounts on centralised
electrical generation requirements as losses in the system are removed (see Section
4 and Appendix B).

e Centralised electrical generation through the construction of new hydrogen powered
power stations supplied off the hydrogen transmission system. This could remove
the requirement for decentralised carbon capture and storage from natural gas fed
power stations as the carbon capture would be undertaken at central locations (for
example Teesside) as part of the hydrogen production process.

e Transportation — accelerated decarbonisation of transportation through hydrogen
fuelling stations, supplied by a secure hydrogen gas grid, complementing electric
vehicles and providing the fuel for heavy load, high polluting vehicles such as
garbage trucks which don’t currently have electrical alternatives.

e Improved air quality and removal of particulate matter and NOx as high pollution
vehicles and domestic vehicles are replaced by hydrogen (and electric) powered
vehicles.

e Along term sustainable solution whereby the UK can achieve its climate change
obligations getting to a ‘clean energy’ position within the timescales available. This
would then facilitate a transition to an entirely green energy position as global
renewable generation increases and, with it, a global green hydrogen market.

e Generation of GB jobs across the supply chain and exporting expertise across the
world.

e Elimination of methane (itself a potent greenhouse gas) emissions associated with
distribution network operations.
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3.3.4 Underpinning the life of the network

The use of 100% hydrogen capitalises on the existing asset base and will allow the
ongoing use of the gas distribution system which is already paid for by customers and
has an asset life of circa 100 years. This exploits the sunk costs associated with an
existing asset and avoids its costly decommissioning.

3.4 Customer benefits

83% of households have their heat delivered over the gas grid - typically for use in
modern, efficient gas boilers. Heating infrastructure is primarily based around circulating
hot water systems. A low carbon solution for heat which utilises existing infrastructure
offers substantial financial and non-financial benefits.

3.4.1 Financial benefits
Gas customers receive their heat at present using gas boilers and fires supplied via the
natural gas grid. If the gas grid can be used to transport a zero-carbon gas (hydrogen)
then customers can continue to use energy in a similar manner as they do today without
costly changes to their homes. If this is not going to be possible then an equivalent
quantity of low carbon heat must be delivered via another means.

The financial benefits to gas customers have been calculated in detail using the
information provided in the H21 LCG report and further interpreted using the KPMG 2050
Energy Scenarios report. This has used the incremental conversion scenario presented in
Section 11 of the H21 LCG report which assumed the conversion of circa 30% of UK gas
customers by 2050.

The KPMG '2050 Energy Scenarios’ report suggested significant differences in cost and
deliverability between an all-electric and alternative gas options for decarbonisation.
The all-electric option for decarbonisation was estimated to have a cost differential per
consumer of over 2.75 (midpoint - see Appendix B) times the gas alternative.
Additionally, practical obstacles for the all-electric option were considered high as
opposed to low/medium for the all-gas option.

The savings shown in the table below are calculated based on this 2.75 factor between
an all-electric option and a 100% hydrogen conversion option. These are expressed
cumulatively on a Net Present Value basis (discount of 3.5% for first 30 years and 3.0%
thereafter), consistent with Appendix A.

2020 2030 2040 2050
Cumulative NPV (£m) 0 5,505 32,457 48,250

It is important to note that these figures are based on a 30% conversion scenario as
presented in Section 11 of the H21 LCG report. This equates to a GB average annual
saving between 2030 and 2050 of around £2.4bn per annum. The actual rate of
conversion is dictated by the speed at which hydrogen production/supply can be
established and this could be three times as fast as the figures represented above
provided the appropriate supply chain is established. This would give three times the
benefit increasing savings by 2050 i.e. £145bn.

No costs associated with additional direct benefits which would arise from an incremental
gas grid conversion to 100% hydrogen have been included. These would include
reduction in transportation charges for customers as hydrogen fuelling stations were
built to support decarbonisation of transport. The potential exists to reduce electric costs
for customers through the decarbonisation of electricity via decentralised and centralised
generation. Additionally, the costs associated with the decommissioning of the gas grid
have not been accounted for. These were estimated by National Grid to be circa
£8,000m, a cost which is avoided by continuing to use the grid to deliver low carbon
heat.
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3.4.2 Non-financial benefits

There are significant tangible non-financial benefits to an incremental conversion of the
UK gas distribution network to 100% hydrogen. Firstly, and perhaps most significant, is
the perceived benefit to customers whereby customers of tomorrow have the same
choice as customers of today, gas or electric. It is recognised that to the meet the
climate change obligations the UK cannot continue to burn unabated natural gas for
decentralised heat which means some change for customers is inevitable.

A conversion to 100% hydrogen enables households to continue using energy as they do
today with minimal impact in the home when compared to any alternative options. Both
the Wales & West Utilities” (WWU) Bridgend study and KPMG’s Energy Scenarios report
conclude that customers want solutions which are (a) non-disruptive, (b) give the
functionality they want and have come to expect from their existing heating system and
(c) don't require substantial capital outlay. This tends to mean that existing customers
want a gas solution which requires little or no change on their part. As with all deep
decarbonisation of heat strategies some change is required. However, conversion to
100% hydrogen only requires an upgrade of the existing appliance as was done in the
original towns gas to natural gas conversion between 1966 and 1977. This is significantly
less intrusive than any alternative technology which represents an equivalent level of
decarbonisation.

Additional benefits arise when considering a social impact perspective with improved air
quality resulting from hydrogen vehicles and the much more rapid decarbonisation of
transport. Finally, enhanced energy delivery and utilisation technology options provided
by a hydrogen and electric world (see Section 3.3.3 above) affords customers with
increased opportunities and choice in the home as well as the government with more
options for energy efficient and low carbon solutions. As with all targets more options
provide more possibilities to meet the challenge.

3.5 Environmental benefits

The rationale for any natural gas to 100% hydrogen conversion programme must be a
net reduction in emissions of carbon dioxide and other greenhouse gases, expressed as
their carbon dioxide equivalent in line with the Kyoto Protocol. The carbon savings
associated with an incremental conversion of the GB gas distribution grid to 100%
hydrogen are well defined and quantified utilising established technology. The table
below summarises the results on a cumulative basis as required for Appendix A.

To 2030 To 2040 To 2050
Mtcarbon saved 1.5 83 363

As with the financial benefits it is important to note that these figures are based on a
30% conversion scenario as presented in Section 11 of the H21 LCG report. The actual
rate of conversion is dictated by the speed in which hydrogen production can be
established and this could be three times as fast as the figures represented above
provided the appropriate supply chain is developed. This would give three times the
benefit increasing savings by 2050 to 1,089 mtcarbon.
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Section 4. Benefits, timeliness, and Partners

4.1 Accelerates the development of a low carbon energy sector and/or
delivers environmental benefits whilst having the potential to deliver net
financial benefits to future and/or existing Customers (Criteria a)

4.1.1 (i) - how the Project contributes to the governments clean growth plan
(due to publish in 2017) and its obligations defined under the climate
change act

Within the last year there has been a public recognition by government that it needs to

readdress heat policy. This was first publicly discussed in Baroness Neville Rolfe’s (the

then Department for Business, Energy & Industrial Strategy (BEIS) Minister of State for

Energy and Intellectual property) address at the Policy Exchange ‘The Heat Summit:

How we can decarbonise heating’ on 14 December 2016. At this summit, the Baroness’s

keynote speech acknowledged that “As a first step we need to thoroughly re-

assess the evidence, and support practical projects to test different
approaches” and “Our ambition is to be able to agree in the next few years, together,
on the right long-term direction for heat policy’. Furthermore, it was acknowledged in
the speech “As we know there are a wide variety of technologies which can deliver low
carbon heat - ranging from the electric heat pumps and district heating networks I have
already mentioned, to perhaps a more radical possibility; replacing natural gas with
hydrogen in the gas grid”.

Both Ofgem and the Committee on Climate Change (CCC) have recognised the potential
for a 100% hydrogen gas grid conversion. The CCCs ‘Next Steps for Heat’ report has a
key immediate recommendation for policy (2017 to 2020) which is "Government,
Ofgem and industry need to recognise the (potential) case/need for a mandatory
switchover of some form - particularly for hydrogen”. This finding was further supported
in Ofgem’s Future Insights series which states in the conclusions “In general, we support
the conclusion from the recent CCC report that the near-term steps should focus on
active experimentation, not on a wait and see approach”.

An additional conclusion in Ofgem’s document is "We are keen to engage with
government and other stakeholders and ready to work on regulatory solutions for heat
supply more broadly. However, given the interactions, we consider it is not sensible for
us to take forward work in this area in isolation. We will therefore continue to liaise with
BEIS and other stakeholders and seek to contribute to future work”. The Gas Distribution
Networks (GDNs) of Great Britain believe this H21 NIC proposal coupled with the BEIS
£25m hydrogen programme ‘Downstream of the meter’ meets with this ambition.

The credibility of a 100% hydrogen gas grid conversion

The H21 - Leeds City Gate (H21 LCG) Network Innovation Allowance Project assessed

the feasibility of converting a major city’s gas distribution network from natural gas to

100% hydrogen using technology which can be demonstrated across the world today.

The project was designed to be a ‘blue print’ study to prove that the gas distribution

networks could be converted to 100% hydrogen. Specifically, it confirmed the gas

network has sufficient capacity to convert to 100% hydrogen with minimal
reinforcement.

e That a secure supply of low carbon hydrogen could be provided to meet the annual
and peak demands of the city. This would be achieved via Steam Methane Reformers
(SMR) coupled with carbon capture and storage.

e That intra-day (within day) and inter-seasonal storage could be managed alongside
hydrogen production facilities (SMRs) using salt caverns developed in the salt
deposits available across the UK and specifically in the north-east region.

e That the City could be converted incrementally with minimal disruption to
customers. This would be undertaken in a similar fashion to the towns gas to natural
gas conversion which occurred across the UK between 1966 and 1977.

e The overall costs for such a conversion and a recommendation for how that could be
financed with minimal impact in customers’ bills.
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e How an incremental conversion (i.e. one city then the next) to 100% hydrogen
within the UK gas grid is technically possible and economically viable.

The H21 LCG project identified in Section 10 ‘The H21 Roadmap’, the next steps required
to develop the outstanding evidence to allow a policy decision. This roadmap was further
developed in the "H21 - Executing the roadmap' document presented to Ofgem and
BEIS in December 2016. This identified provision of the quantified safety based evidence
for UK gas grid conversion to 100% hydrogen as the critical first step. The H21 NIC
project will provide this evidence and is the first NIC project that will be collaboratively
funded, supported and, subject to successful award, executed across all GDNs.

Since publication of the H21 LCG report in July 2016 it has been extensively reviewed
and has received significant national and international attention and critical acclaim.
BEIS announced on the 21st April 2017 a £25m programme to provide critical evidence
to de-risk a 100% hydrogen conversion option for decarbonisation ‘downstream of the
meter’. There have also been significant movements around the world recognising the
potential for low carbon gas and, more specifically, hydrogen. Most notable of these are
the establishment of the Davos Hydrogen Council and the Oil and Gas Climate Initiative.

Other important documents have been published since the H21 LCG report release, and
all have three similar principle themes. Firstly, that 100% hydrogen conversion should
be considered a serious option for decarbonisation. Secondly, that a deliverable policy
decision on decarbonising heat must be made in the early 2020s if the UK is to meet its
Climate Change Act obligations. Finally, that there is an urgent need to provide the
evidence to confirm the viability of a 100% hydrogen conversion option. Examples of
these reports include:

e Hydrogen Roadmap - Innovate UK.

e Role of Hydrogen in the UK Energy System - Energy Research Partnership.

¢ Managing Heat System Decarbonisation — Imperial College.

e How to Decarbonise Domestic Heating — Policy Exchange.

e Scenarios for Deployment — E4Tech/UCL/Kiwa.

e 2050 Energy Scenarios - KPMG.

e Next Steps for Heat — Committee on Climate Change.

e Lowest cost decarbonisation for the UK: the critical role of CCS - The Parliamentary
Advisory Group on Carbon Capture and Storage.

Further information on the H21 Leeds City Gate project including the film, executive
summary, full report and an interview on Australian Sky News can be found at the links
below or by typing ‘H21’ into the NGN website search bar.

e  Film: http://www.northerngasnetworks.co.uk/2016/07/watch-our-h21-leeds-city-
gate-film/

e Executive summary: http://www.northerngasnetworks.co.uk/wp-
content/uploads/2016/07/H21-Executive-Summary-Interactive-PDF-July-2016-
V2.pdf

e  Full report: http://www.northerngasnetworks.co.uk/wp-
content/uploads/2016/07/H21-Report-Interactive-PDF-July-2016.pdf

e Australian Sky News Interview
http://www.northerngasnetworks.co.uk/archives/11735

The difference between the BEIS £25m programme and the H21 NIC

In 2016 Dan Sadler, the H21 NIC bid lead, was seconded to BEIS in the role of Technical
Advisor Future of the Gas Networks. A fundamental part of that role involved working
with the relevant policy teams (specifically heat and science) to help define a BEIS
programme which would focus on de-risking hydrogen for heat ‘downstream of the
meter’. This is the £25m programme which has been announced at the link below:

https://www.gov.uk/government/publications/funding-for-innovative-approaches-to-
using-hydrogen-gas-for-heating
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The BEIS programme is intended to run over three years and will consist of nine
packages: (1) Programme management (2) Definition of a hydrogen quality standard (3)
Establishing an appliance and equipment testing capability (4) Development of domestic
hydrogen appliances (5) Understanding commercial appliances (6) Understanding
industrial appliances (7) Assessment of suitability of existing buildings (8) Trialling
hydrogen appliances in unoccupied buildings (9) Preparations for testing appliances in
domestic setting.

This BEIS programme focuses on work ‘downstream of the meter’ (i.e. predominantly
within the building). The H21 NIC project is being designed to complement this BEIS
programme and focuses on providing the safety based evidence for 100% hydrogen
conversion ‘upstream of the meter’, i.e. on the GB GDNs network assets. These
complementary but fundamentally different programmes will, subject to successful H21
NIC bid, collectively provide all the safety based evidence required to progress towards a
live trial and subsequent policy decision. There will be no duplication of work.

How the rollout of the proposed Method across GB will deliver the Solution
more quickly than the current most efficient method in use in GB

To date the main considerations for low carbon heating has been electrification of heat,
predominantly considering air source heat pumps. Despite government incentives
incredibly low take up rates of this technology indicates a low level of acceptability by UK
customers. Acknowledgement by BEIS that heat policy needs a rethink is evidence of the
success of current methods. However, the problem could be much more fundamental
than customer acceptability.

When considering decarbonisation of energy, the issue is often simplified into segments
of the energy landscape, for example ‘heat’ or ‘transport’ or ‘electricity’. This
segmentation can detract from the technical complexities of the bigger picture and often
leads to solutions for one area which can be to the detriment of other areas.

Furthermore, current assumptions of what is/isn’t low carbon are often based on pre-
conceived assumptions. For example, an air source heat pump being low carbon is based
entirely on the assumption that the electricity used to supply such an appliance is
generated in a low/zero carbon manner.

The UK uses between 1,500 TWh and 2,000 TWh of energy every year across heat,
electric and transport (Digest of UK Energy Statistics 2016). When considering the whole
energy system an all-electric option is unlikely to be a viable option for an 80%
reduction in emissions by 2050. By distilling this challenge down to its energy supply
chain segments, it is easier to understand the challenge and why a 100% hydrogen gas
grid conversion could represent such a compelling opportunity.

Energy production: Currently the UK generates 83.6 TWh (Digest of UK Energy
Statistics 2016) of energy from renewable sources which is around 5% of net energy
demand. If the UK is to generate all its energy for transportation, heat and current
electric demand from renewables alone it will need to increase output by circa 20 times
current levels and likely more when considering peak heat requirements and electrical
energy transmission losses. Additionally, we need to put into context large infrastructure
options such as Hinkley Point C which will generate 25 TWh (circa 1.5% of net UK
demand) of annual electricity at a capital cost of £25bn.

Energy (grid) transportation: Three significant constraints need to be considered in

an all-electric world:

e Electric grid capacity - if the electricity networks are going to be required to
supply all the demand for transport, heat and current electricity usage this will
require a significant reinforcement to the electricity grid. This will need an increase
in capacity of at least 5 times current levels but more like 10/15 times capacity to
ensure it can meet UK peak heat requirements.

e Storage - for one city (Leeds) the H21 LCG report has identified that over 700,000
MWh of inter-seasonal and 4,000 MWh of intraday storage is required for greatest
production efficiency. This is not possible with the battery technology currently
available.

Page 21 of 98



ofgem RIIORMS

o Energy efficiency of the overall electrical system - currently considered to be
40% across the European Union. This means more energy will be required to
account for losses in the system. Gas does not lose energy through transportation
along pipes and can store energy indefinitely.

Consumption: How energy is finally used is often the dominant topic of discussion when
considering decarbonisation. Without considering the production and network
transportation constraints for decarbonisation pathways we risk making policy decisions
which are not deliverable. In effect, we are ‘ordering the meal without knowing what is
in the kitchen’. Furthermore, many end use applications, for example garbage trucks and
industrial heat, do not have alternative electrical technologies.

The H21 LCG project is a system approach (production, transportation and consumption)
to decarbonisation achievable with technology and systems already evidenced across the
world today. Whilst the H21 LCG project was predicated on decarbonising heat, which is
acknowledged as incredibly difficult to achieve in the UK, it is important to remember
that a 100% hydrogen conversion will not only decarbonise domestic heating. It will also
decarbonise industrial and commercial heat which often doesn’t have an electrical
alternative. Such a conversion can progressively support decarbonisation of transport
with hydrogen fuelling stations built off the gas grid, decentralised and centralised
electrical generation with micro Combined Heat and Power (CHP) in the home and
hydrogen fuelled power stations. Unlocking the potential for a 100% hydrogen gas grid
conversion will rapidly accelerate the UKs ability to meet the challenge of the UK Climate
Change Act and would represent the biggest single contribution to decarbonisation.

4.1.2 (ii) If applicable to the Project, the network capacity released by each
separate Method
This is not directly applicable to this project.

4.1.3 (iii) The proposed environmental benefits the Project can deliver to
customers
The key rationale for the conversion of the GB gas distribution networks to 100%
hydrogen is to deliver large scale carbon reduction in line with the targets of the UK
Climate Change Act. This would be achieved with minimal disruption to customers versus
alterative solutions, permitting the continued use of our national gas network and allow
the UK to continue to take advantage of the inherent properties that gas delivers in the
context of intra-day and inter-seasonal storage.

The carbon benefits to customers have been calculated in detail using the information
provided in the H21 LCG report (further detail can be found in Appendix B). This has
used the incremental conversion scenario presented in Section 11 of the report which
would cover circa 30% of UK gas customers by 2050. This is considered highly
conservative and, with the correct incentives and policies, these figures could be
realistically tripled. The table below summarises the cumulative savings forecasted.

To 2030 To 2040 To 2050
mtcarbon saved 1.5 83 363

This equates to a 50mtcarbon saving per annum by 2050. This figure would be
significantly higher as electricity further decarbonises and the hydrogen production
system is optimised.

4.1.4 (iv). The expected financial benefit the Project could deliver to customers
The financial benefits to gas customers have been calculated in detail using the
information provided in the H21 LCG report and further interpreted using the KPMG 2050
Energy Scenarios report. This has used the incremental conversion scenario presented in
Section 11 of the report which would cover circa 30% of UK gas customers by 2050.

The KPMG *2050 Energy Scenarios' suggested significant differences in cost and
deliverability between all-electric and alternative gas options for decarbonisation. The
all-electric option for decarbonisation was estimated to have a cost differential per
consumer of over 2.75 (midpoint - see Appendix B) times the gas alternative.
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Additionally, practical obstacles for the all-electric option were considered high as
opposed to low/medium for the all-gas option. The table below summarises the results,
this is described in more detail in Appendix B.

To 2030 To 2040 To 2050
100% hydrogen conversion £3,585m £22,616m £50,67m
All electric (using 2.75 scaling factor) £9,813m £61,897m £138,691m
Savings to gas customers versus all £6.227m £39 281m £88.016m
electric ! ! !
Savings to gas customers versus all £5 505m £32 457m £48 250m

electric (NPV)

This equates to a GB average annual saving between 2030 and 2050 of around £2.4bn
per annum

4.2 Provides value for money to gas Customers (Criteria b)

4.2.1 (i) How the Project has a potential Direct Impact on the Network

Licensee’s network or on the operations of the GB System Operator

This project has a direct impact on all GB GDNs and is being collaboratively funded and
executed. If the critical evidence to allow a 100% hydrogen conversion is established
and a subsequent policy decision to convert the UK incrementally is taken it will avoid
stranding this asset and the extensive decommissioning costs. It will also ensure
customers of tomorrow have the same choice as customers of today — gas or electric
across the energy landscape (heat, electric, transportation).

4.2.2 (ii) Justification that the scale/cost of the Project is appropriate in
relation to the learning that is expected to be captured
The cost of this project is low compared to the benefits and learning which it unlocks. As
shown in Section 4.1.4, £13.5m of NIC funding (with a further £1.5m of funding from
the GB GDNSs) has the potential to generate £88bn by 2050 of savings for gas
customers. This saving is based on only a 30% customer conversion (see Appendix B). If
all the UK gas customers were converted to 100% hydrogen this saving could be circa
£300bn by 2050.

The project scale has been carefully desighed to maximise the learning and minimise the
costs. The challenge for the H21 NIC project is to design a testing plan which can
provide the compelling safety based evidence without requiring hundreds of millions. The
costs have been minimised by value engineering the Project across the following
principle areas, (see in Appendix C for more detail):

e Assets selected for testing: By undertaking a comprehensive asset selection
process it has been possible to reduce the number of tests required. These are now
the absolute minimum to allow results to be extrapolated with confidence by the
industry.

¢ Leveraging the gas industries historic expertise: Highly experienced project
Partners have been utilised to define and collectively agree the testing
plan/requirements. This has drawn upon existing evidence avoiding duplication of
historical tests associated with natural gas consequence testing. It has also provided
access to established gas risk modelling systems to extrapolate results avoiding
extensive development costs.

e Developing the ‘H21 Keighley & Spadeadam Designs’ NIA: This has saved
significant costs through value engineering the site selection for the background
testing away from Keighley to the Health and Safety Laboratory (HSL) facilities at
Buxton.

e Project Partners: The Project Partners have the specific expertise to develop the
H21 NIC. All Partners are agreed that the H21 NIC bid represents an optimised
testing plan to solve the problem statement.
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¢ To ensure credibility of results: The tests, and therefore test Partners, must
produce results that can be trusted by government, industry and wider stakeholders.

When considering the scale of this NIC project it is also important to note that the
leakage trials, undertaken to inform the commercial leakage and risk models, performed
in the 1990s by British Gas’s Research and Technology (now part of DNV GL) and other
safety based testing had an estimated current day value in excess of £40m which is 2.6
times more than this strategically designed project.

4.2.3 (iii) The processes that have been employed to ensure that the Project is
delivered at a competitive cost

The project has developed upon two comprehensive NIA projects; the H21 LCG project

and the '‘H21 Keighley & Spadeadam Designs’ project. The former has identified the

critical steps to provide the essential evidence to support a policy decision, and the latter

has focused on value engineering the testing plan requirements and physical works to

keep costs to a minimum.

The two Primary Partners, DNV GL and the HSL, have been selected based on their
specific and unique ability to add value to the Project. These two Partners own the only
two sites in the UK that can undertake such consequence testing and they have a unique
historic background which has allowed, and will continue to allow, optimised testing.

They have unique credibility when disseminating test results due to their historical
expertise and/or connections with the Health & Safety Executive. Rates for these two
Partners are in line with pre-tendered network frameworks rates or the agreed rates
from the HyDeploy project for DNV GL and the HSL respectively.

Other major costs, for example modification to testing sites, project management,
excavation, removal and delivery of network assets and installation of measurement
equipment (for Phase 2) will be awarded based on a combination of competitive tenders
or via one of the GB GDNs existing framework agreements.

DNV GL acknowledge the potential for ongoing testing on these facilities and have
committed to maintain and make available the facilities for a period of three years
following project completion for any additional test which may be undertaken at their
facilities for the GB GDNs. This means that the facilities can be used at a fraction of the
cost compared with testing from scratch. Priority on facility availability will be reserved
for the GB GDNs. The HSL have made a similar commitment offering a discount of 5%
on their rates for three years after project completion for any additional testing, subject
to final contractual agreement.

The GB GDNs have executed many projects through the IFI, NIA and NIC structures and
have well established contractual and governance arrangements for delivery. The project
has an experienced management team structured to deliver the Project cost-effectively.

A detailed budget has been developed for the Project, as shown in Appendix G, and is
summarised in the following table (figures exclude contingency).

Total Labour Across Project Equipment IT Total

No. of Man- Rates Rates Labour Contractor

staff days range average costs costs

FTEs Days £/day £/day £k £k £k £k £k
Phase 11.4 2,426 280 - 693 1,273 2,620 1,613 50 5,557
1A 1,580
Phase 15.6 3,305 280 - 774 398 240 2,682 28 3,347
iB 1,580

10.2 2,166 280 - 708 1,991 280 2,064 72 4,407
Phase 2 1,580
NIC Totals 3,662 3,140 6,360 150 13,311
Funding (excluding contingency,
request including external funding)
External funding (DNV GL at Spadeadam) 261
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4.2.4 (iv) What expected proportion of the potential benefits will accrue to the
gas network as opposed to other parts of the energy supply chain, and
what assumptions have been used to derive the proportion of expected
benefits

The main benefit to the gas network from a 100% hydrogen conversion is it underpins

its continued utilisation. By delivering low carbon energy over the existing network, the

gas network retains its importance in the wider mix of low carbon heat and wider energy
solutions. The £88bn of avoided costs are based on an all-electric scenario.

4.2.5 (v) How Project Partners have been identified and selected including
details of the process that has been followed and the rationale for
selecting Project Participants and ideas for the Projects

All GB GDNs have internal processes to identify new project ideas and participants in

their innovation projects. This is explained in more detail in Section 4.4.

4.3 Is innovative (i.e. not business as usual) and has an unproven business
case where the innovation risk warrants a limited Development or
Demonstration Project to demonstrate its effectiveness (Criteria d)

4.3.1 (i). Justification for why the Project is innovative and evidence it has not
been tried before;

Conversion of an existing gas grid to 100% hydrogen has never been undertaken

anywhere in the world before. The critical, compelling safety based evidence which

proves conversion of the GB gas distribution networks to 100% hydrogen represents a

comparable risk to that currently managed with natural gas does not exist and has never

been explored. This evidence is crucial to allow progression to a live trial and ultimately

a policy decision in the early 2020s which will allow a 100% hydrogen conversion to take

place.

The H21 NIC will be the first project to fully explore and provide the safety based
evidence comparing natural gas and 100% hydrogen use within GB gas distribution
network assets in an optimised programme of testing and quantification.

4.3.2 (ii). Justification for why the Project can only be undertaken with the
support of the NIC, including reference to the specific risks (e.g.
commercial, technical, operational or regulatory) associated with the
Project.

The BEIS £25m funding announcement will focus on provision of evidence ‘Downstream

of the meter’ (predominantly within buildings). The H21 NIC project has been designed

to complement this BEIS programme. This will collectively provide all the safety based
evidence required to progress towards a live trial and subsequent policy decision. It is
appropriate that the BEIS programme should focus on ‘downstream of the meter’ due to
the highly fragmented nature of this market which consists of many small companies
with limited access to funding which requires centralised leadership. The provision of the
quantifiable safety based evidence within the gas network should be undertaken by the
regulated GDN monopolies who have the expertise, access to the assets and importantly
access to significant innovation funding via the Network Innovation Competition to
undertake their complementary programme of work which is not covered under the
current GD1 allowances.

The Project Risk Register can be found in Appendix F. Key risks this programme seeks to
address are technical and operational, i.e. understanding the comparative safety risk of
transporting 100% hydrogen versus natural gas. These risks would not need to be
addressed or understood if the GB GDNs were to continue to operate the network using
natural gas. The rationale for the Project is to provide critical evidence to de-risk a
hydrogen decarbonisation pathway which would be in the interests of gas customers
financially, environmentally and practically (in terms of reduced impact in the home and
highways versus alternative solutions). There is no direct financial benefit to the network
to undertake such a programme, and no reason it should do so under business as usual
operation.
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The GDNs believe this H21 NIC proposal, coupled with the BEIS £25m programme
‘Downstream of the meter’ meets with Ofgem’s conclusion in their Future Insights
document; “"We are keen to engage with government and other stakeholders and ready
to work on regulatory solutions for heat supply more broadly. However, given the
interactions, we consider it is not sensible for us to take forward work in this area in
isolation. We will therefore continue to liaise with BEIS and other stakeholders and seek
to contribute to future work”.

4.4 Involvement of other Partners and external funding (Criteria e)

4.4.1 Processes undertaken to select the Project

From inception in October 2014 the H21 LCG project was developed and delivered at the
launch event on 11 July 2016 at the IMechE headquarters in London. During the Project
Dan Sadler, the H21 LCG Project Manager, was seconded to BEIS in the role of Technical
Advisor — Future of the Gas Networks. A fundamental part of that role involved working
with the relevant policy teams (specifically heat and science) to help define a BEIS
programme which would focus on de-risking hydrogen for heat ‘Downstream of the
meter’; this is the £25m programme announced by BEIS in April 2017. Within the
secondment contract was an agreed dispensation to allow Dan to continue to manage,
deliver, evolve and socialise the H21 LCG concept.

This secondment was critical to the gas industry in helping to understand what essential
and critical evidence is required by government to progress towards a policy decision
for 100% hydrogen conversion of the GB gas distribution network. In December 2016,
the ‘Executing the H21 Roadmap’ document was presented to Ofgem at a meeting with
the NGN CEO and distributed throughout BEIS. On the 26 January 2017, a meeting was
held in the BEIS office at 3 Whitehall Place where the document was presented to senior
leaders from all the GB gas distribution networks. On the 315t January 2017, at a
meeting of the gas distribution network Chief Executive Officers, all GB GDNs agreed it
was critically important to progress with the H21 NIC bid as a collaborative cross
industry bid in the interests of gas customers and climate change.

4.4.2 Collaboration and Partners

The importance of this project is recognised by all GB GDNs and is the first collaborative
NIC across Cadent, NGN, SGN and WWU who are all providing an equal contribution to
the mandatory 10% funding requirements. NGN is the funding licensee and project
sponsor.

To deliver a project of this scale and complexity in the timescales available, safely and
effectively whilst ensuring that its delivery is risk managed requires collaboration
between the right Partners and high levels of expertise. Other than the GDNs the
Primary Partners for this project have been selected based on their ability to undertake
the work and the value for money they can provide to the Project.

The Partners will all be signatories to the Project Collaboration Agreement. Other
suppliers, such as mains work contractors for site modification/build works, will be
contracted using established contract/sub-contract structures. Most of the participants
have contracted with GDNs for this type of work in the past and all Partners have
reviewed the draft collaboration agreement, and understand its provisions.

As explained in more detail in Section 6 and Appendix H, the lead Partners are DNV GL
and the Health & Safety Laboratory (HSL). DNV GL are a global technical advisor to the
UK oil and gas industry, owners of the Spadeadam testing site and custodians of the
original natural gas leakage testing and QRA gas modelling software. HSL are the UK’s
foremost health and safety experimental research establishment and owners of the
Buxton testing site.

As explained in Section 2 there are only two locations in the UK that are used for this
type of work due to its high risk and specialist expertise requirements. These are
Spadeadam and Buxton. Both these sites are required for this project for deliverability,
governance, credibility and access to both sites specialist technical expertise.
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Other Partners for the Project include Element Energy, the National Physical Laboratory,
Radius Pipe Systems, YO Energy, ERM and Kiwa Gas Tech. These Partners will provide
specific and uniquely experienced individuals and/or services and will provide specialist
support in varying degrees at strategic points throughout the Project. To date all the
Partners have provided their support in the development of the H21 NIC bid free of
charge (See Appendix H for project Partners and CVs).

External funding

DNV GL will contribute £285k to the Project to build two houses on their site (see
Appendix C) and the additional site videography. In addition, it should be noted that this
project will directly compliment the BEIS £25m ‘Downstream of the meter’ programme of
work. Whilst mutually exclusive, both programmes are critical to de-risking a hydrogen
for heat pathway and combined have a total value of £40m.

An indirect value has also been attributed to the provision of expertise from DNV GL
utilising all their original results and methodologies developed over decades of natural
gas testing. This has allowed a significant reduction in costs for the H21 NIC through a
refined testing programme and already established computer modelling platform. All
other Partners and individuals have been selected due to their unique ability to add an
indirect financial benefit to the Project through their specialist experience and expertise.

4.5 Relevance and timing (Criteria f)

As identified by the Committee on Climate Change a deliverable policy decision on heat
needs to be made by the early 2020s for the UK government to meets its obligations as
defined in the UK Climate Change Act. A policy decision, which includes the conversion of
the UK gas grid to 100% hydrogen, will not be possible within that time frame if this H21
NIC bid does not progress. This could be to the detriment of all UK gas customers if they
are subsequently pushed in to alternative sub-optimal decarbonisation heating solutions.
In a worst-case scenario, a heat policy that does not have access to all the evidence
could encourage customers to adopt one technology which could subsequently be found
to be unable to meet decarbonisation objectives when considering whole system
approaches.

Additionally, if this NIC project subsequently identifies some strategic work required on
GB gas distribution network assets this can be incorporated into RIIO-GD2 business
plans to ensure enabling works for conversion are undertaken upfront ensuring no
ongoing delay.
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Section 5. Knowledge dissemination
This project will conform to the default IPR arrangement set out in the Gas NIC
governance document.

The GB gas distribution networks (GDNs) and Partners are committed to sharing the
knowledge generated by this project. Its purpose is to provide urgent and essential
evidence to allow optimised UK government policy decisions on decarbonising heat in the
early 2020’s. More widely it will inform the supply chain of stakeholders, in both the
natural gas and hydrogen industries, of the viability of a 100% hydrogen conversion
option. Wider still, the Project will be used to inform international opinion and potentially
international energy policy. Fundamentally, the Project will provide quantified evidence
to the public on the difference in risk between a 100% hydrogen gas distribution network
and the current natural gas network.

5.1 Learning generated and the applicability to other network licensees
There are four principle aspects of learning associated with the H21 NIC project:

e Background leakage position of existing GB gas distribution network assets and
subsequent safety differences between 100% hydrogen and natural gas networks.

e Development of a quantitative risk assessment process and predictive computer
model (see Section 2/Appendix C) extrapolating the results of the tests to allow
accurate prediction of the effects of a 100% hydrogen network across UK assets.

e Confidence in model application and accuracy via validation through field trial
application of hydrogen.

e Identification of areas of concern and potential mitigation measures requiring further
development via other projects.

This knowledge and learning will be relevant to the whole GB gas industry. The
fundamental properties of hydrogen, types of GB gas distribution network asset and the
consequences of release will not change significantly in different areas of the country.

The Project team has significant experience in capturing knowledge and learning,
communication via presentations, workshops, conferences and training courses. This will
ensure that the Project is scientifically rigorous and robust enough for all stakeholders,
including gas customers.

There are key categories of data that will be derived within the Project from a variety of
sources. The major aim is to gain greater understanding and knowledge on the
behaviour of hydrogen in the gas distribution network and where applicable to compare
this with the behaviour of natural gas. This is primarily to gain further understanding on
the specific safety risks for hydrogen. Key areas of generated learning which will be
applicable to all GB GDNs include:

Background testing: Comprehensively quantifying the differential in background
leakage position for 100% hydrogen versus natural gas within the range of existing
assets within the GB gas distribution network. This will provide the data for the
subsequent assessment of baseline risk, commercial impact and operational impact
associated with an incremental conversion of the GB gas distribution network to 100%
hydrogen.

Consequence testing: Quantification of the risks associated with a 100% hydrogen gas
distribution network compared to the existing known risk of natural gas. This will provide
the data to update the FROST computer modelling package to understand any potential
change to risk across the GB gas distribution networks.

Field trials: Field trials will provide comparative safety-based evidence for a 100%
hydrogen conversion in a real environment. This will check that the extrapolation of
results across all GB gas distribution network assets is accurate, that tests undertaken in
controlled environments can be used to accurately predict real world environments and
that operational procedures (repairs, flow stops etc.) can be safely and effectively
carried out in a real-world environment. This will ensure that all stakeholders can have
confidence in the results obtained in Phases 1A and 1B.
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Quantitative Risk Assessment (QRA) and development of the computer
modelling software: The results of the QRA will be published and access to the base
data used for model development will be made publicly available.

Operational procedures: Operational evidence from Phase 2 - Field trials, will provide
unique evidence relating to the technical and operational issues associated with 100%
hydrogen. It will also allow an understanding of what changes, if any, may be required
to operational procedures for a 100% hydrogen conversion and provide direction for
future studies in this area.

Manufacturer information: Information will be provided to relevant manufacturers of
the impact on performance of equipment, components and fittings as part of the Project.
Working with the manufactures of different assets, the Project will identify any areas of
concern and potential solutions.

All information will be captured by the work programme and recorded using a regular
reporting structure to provide the basis for dissemination. The Project Partners are
confident that the quality of the captured learning will be good and substantial enough to
generate an understanding of the major hazard risks associated with the conversion of
the distribution network to 100% hydrogen.

5.2 Learning dissemination

The project Partners recognise the importance of effective knowledge dissemination and
learning, and are committed to it. The project team includes all the GB GDNs. A
stakeholder/advisory board will be established to ensure effective and efficient
knowledge dissemination, (see Section 6, Governance).

Effective knowledge dissemination is critical to the Project successfully achieving its aims
and objectives. Effective development and subsequent execution of the strategy for
knowledge dissemination and/or stakeholder engagement on a project of this
complexity, and with such a significant potential future impact, is critical. Inaccurate
and/or incomplete information disseminated to the wrong stakeholder could cause
confusion and concern and could delay the H21 NIC Project itself. For example,
agreement to progress with the field trials, or in the worst case, delay a subsequent
policy decision on conversion.

A comprehensive strategy for knowledge dissemination will be developed and evolved
throughout the Project. This plan will be owned by the H21 core team Project Manager
and discussed/updated at the monthly project boards as, see Section 6, Governance. It
will be the responsibility of the Steering Committee to sign off the initial plan and
subsequent amendments. The H21 Programme Director will be responsible for signing off
specific items of knowledge for dissemination in line with the agreed plan prior to any
Partner discussing the information with external stakeholders. This is critical to ensure
that the information is managed as part of the Project and during the Project stages.
This strategy will consist of core component parts:

e Stakeholder plan.
¢ Knowledge and learning dissemination plan.
e Communication plan.
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5.2.1 The stakeholder plan

There is a wide range of stakeholders for whom the data, knowledge and learning
generated from this project could have significant impact. This ranges from the
Department for Business, Energy & Industrial Strategy (BEIS) to support ongoing policy
decisions to individual businesses where the results could influence their longer term
strategic direction. It is therefore important that each of these individual stakeholders
and groups be clearly identified and that a specific plan of engagement is developed. At
initial project kick off the following stakeholder groups will be included within the plan.
e Gas distribution networks and trade associations.

e Ofgem.

e Health & Safety Executive (HSE).

e Appliance manufactures and trade associations.

e Local Authorities.

e Financial investors (e.g. GB GDN shareholders).

e Gas shippers and suppliers (including hydrogen producers).

e Relevant government departments (e.g. BEIS).

e Gas customers.

e National Grid Transmission.

Effective engagement with some of these groups has been a key part of the work
already undertaken as part of the H21 Leeds City Gate (LCG) NIA project and referenced
within this document, (see Appendix I and Section 6 for details). As such, real routes of
communication have already been established and initial knowledge and learning shared.
This project will look to build directly on these relationships and extend across the wider
stakeholder group.

5.2.2 The knowledge dissemination plan

Building on the stakeholder plan, the knowledge dissemination plan will ensure
appropriate dissemination of targeted knowledge to key stakeholders. The level and
detail of information which will be released will be reviewed and could vary from a high-
level update on progress, an update to manufacturers on testing results or a full detailed
technical report.

5.2.3 The communications plan

The communications plan will effectively execute the stakeholder and knowledge
dissemination plans. It will define the method of communication appropriate for each
stakeholder and the interface which could vary significantly dependent upon the specific
item in question. As with all modern projects an easily accessible website will be created
and will form the hub of all disseminated knowledge and communications.

The wide range of stakeholders dictates that our communication strategy must include a
diverse range of methods that should be adapted to the requirements of each audience.
To ensure clear and consistent interpretation of the data is made all public
communication will be approved prior to release by the H21 Programme Director in line
with the knowledge dissemination strategy approved by the Steering Committee.
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During the Project, communication will vary greatly dependent on the stakeholder group
and information being disseminated. It is also important the profile of the H21 NIC
project is maintained to ensure industry momentum generated throughout the H21 LCG
project is maintained. Communications will include:

e Creation of an H21 Website.

e Attendance and presentations at key conferences, for example at the Low Carbon
Networks & Innovation Conference.

e Attendance at appropriate meetings and round table events.
e Open day events at the testing sites.

e Network and local events; site visits and presentations given to interested
stakeholders.

e Publications - specific areas for wider communications including gas and utility
industry journals and periodicals.

e Social media (e.g. tweets, text, email, Facebook, LinkedIn): to increase
dissemination to a wider audience.

e  Written reports.
e Short films posted on the H21 website.
e  Press releases.

At project completion, a comprehensive report and film will be publicly available to all
stakeholders via the website as was the case with the H21 LCG report and film.

In addition to communications in line with the strategic plan, a relationship for channel
for communication will be developed with the BEIS ‘Downstream of the meter’
programme team. The exact relationship and terms of reference will need to be
developed once BEIS have appointed a management contractor and subject to award of
this bid. Preliminary discussions have already taken with BEIS internal staff to ensure
open and active communications.

5.3 Intellectual Property Rights (IPR)

The project will comply with default IPR provisions. The purpose of the Project is to
generate safety data for the conversion of the distribution networks to 100% hydrogen.
Since this data will be common to hydrogen in gas networks across the country there is
no intention or opportunity to exploit arising IPR commercially in GB. Copyright will exist
on the reports produced as part of this work, but they will be published in the public
domain where required for effective knowledge dissemination.

Background IPR, such as that within equipment supplied for the purposes of executing
the Project (e.g. measurement devices), will remain owned by the suppliers as
commercial products. This will include the Project Partners’ background IPR in their
existing quantitative risk assessment software and models. The testing and analysis
work carried out in the Project will generate knowledge of hydrogen properties and
release consequences for comparison with those of natural gas. DNV GL and HSL have
carried out extensive tests with natural gas in the past, the results of which will
constitute background IPR where used in the Project. The results of any wholly novel
tests with natural gas carried out as part of the Project will be foreground IP. No
additional software capability will be developed as part of the Project. Any quantitative
risk assessment procedures that are developed as part of the final recommendation will
be software agnostic to allow ready implementation by any gas network operator.
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Section 6. Project readiness

Required level of protection

The Network Licensee does not require protection against cost over-runs beyond the
default provision of 5% above the funding request. This project does not give rise to
Direct Benefits and so no protection provision is required.

6.1 Evidence of why the Project can start in a timely manner

The GB Gas Distribution Networks (GDNs) and all the Project Partners are confident of
the ability of this project to deliver the objectives in a timely manner. This is due to the
high level of technical preparation, quality of expertise and extensive stakeholder
engagement undertaken to date which underpins this proposal. The key factors ensuring
a timely start to the Project are summarised in the following section.

Network Innovation Allowance work to date:

The H21 Leeds City Gate Network Innovation Allowance (H21 LCG) project assessed the
feasibility of converting a major city’s gas network from natural gas to 100% hydrogen
concluding it was both technically possible and economically viable. The H21 LCG project
report identified in Section 10 ‘The H21 Roadmap’ a range of projects/next steps
required to obtain the outstanding evidence to facilitate a policy decision. This roadmap
was further developed in the ‘H21 - Executing the roadmap' document presented to the
Department for Business, Energy & Industrial Strategy (BEIS) and Ofgem in December
2016 and the wider gas industry in January 2017. This identified provision of the
quantified safety based evidence for the GB gas distribution network grid conversion to
100% hydrogen as the critical first step.

In addition to the H21 LCG project the ‘H21 - Keighley & Spadeadam Designs’ NIA
project has been progressed alongside the preparation of this bid and throughout 2017.
The primary purpose of this project is to ensure project readiness should this H21 NIC
project bid be successful by providing confidence in costs, informing the master testing
plan (what, how and why testing is being undertaken), and site designs for the
respective test sites are already in place. Note, to date, this resulted in the move away
from Keighley for Phase 1A - Background testing, as suggested in the ISP, to Buxton as
explained in Section 2.

Stakeholder engagement:

Through the H21 LCG project there has been an exceptional level of stakeholder
engagement over the last two years, a comprehensive list of which can be found in
Appendix I, and highlights are detailed below.

e The natural gas supply chain, including gas producers, shippers and appliance
manufacturers.

e The hydrogen supply chain, including hydrogen production companies, fuel cell
manufactures, hydrogen associations, for example Scottish Hydrogen and Fuel Cell
Associated and the UK Hydrogen and Fuel Cell Association.

e Academia, including lectures at Oxford, Leeds and Teesside universities.

e International, including Europe via Eurogas and the Director General of the European
Commission, Hong Kong, Australia, the USA and Japan.

e The wider energy sector via over 20 conferences

e Advisory bodies and institutions, including the Committee on Climate Change,
Energy Utilities Association, Energy Networks Association, Institute of Gas Engineers
and Managers, Association of Meter Operators, The Energy Systems Catapult/Energy
Technologies Institute, Policy Exchange, Carbon Connect, Energy Research
Partnership, Carbon Capture and Storage Association and the European Zero
Emissions Panels.

This extensive engagement has ensured that this H21 NIC submission is based on
galvanised opinion across the supply chain leveraging expertise but focusing on the
critical evidence gaps without duplicating effort. This has ensured that the bid is highly
credible from the start with the upfront benchmarking and national and international
stakeholder engagement broadly completed.
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Another important area of engagement has been at national and local government level.
National government engagement has influenced the BEIS £25m ‘Downstream of the
meter’ programme and a recognition that decarbonising heat needs a fundamental
review, (see Section 6). At local level, across the ten councils of West Yorkshire and five
councils of the Tees Valley there is significant support and appetite to progress the H21
LCG concept, (see Appendix J, Letters of support). Additionally, the local authorities are
actively supporting the field trials stage of the Project ensuring minimal delays and
enhanced value for money for gas customers, (see Appendix C for more detail).

Whilst the H21 LCG was originally funded by Northern Gas Networks (NGN) and Wales &
West Utilities (WWU) the value, quality and credibility of the Project has been recognised
by all GB GDNs. This has resulted in this H21 NIC being the first NIC proposal ever put
forward which is collaborative and co-funded across all GB GDNs.

Unique expertise

The H21 NIC Project team/Partners have been assembled from some of the most
knowledgeable and experienced organisations and personnel in the UK with international
‘reach back’ across the world. This has ensured the Project will be delivered effectively
with a strong focus on value for money ensuring minimal spend to solve the problem
statement. All Project Partners have provided their time free of charge to support the
H21 bid and have a consensus on the adopted approach. Contractual arrangements are
agreed in principle avoiding any delays in project execution following subsequent award
of the NIC.

This Project is the first of its kind anywhere in the world. The extensive background work
and stakeholder engagement undertaken to date has ensured consensus across all
Partners and the wider industry on the structure of the Project, its budget and its
deliverability. The programme, whilst aggressive, is achievable and has been
strategically designed to complement the BEIS £25m ‘Downstream of the meter’
programme ensuring timely delivery in line with policy requirements for carbon
reductions associated with heat decarbonisation objectives. Key aspects of the Project
are described in the Sections below, supported by evidence in the Appendices.

6.1.1 Project plan

A detailed project plan is shown in Appendix E. The three key project phases: Phase 1A
Background Testing, Phase 1B Consequence Testing and Phase 2 - Field trials are
identified as well as the associated Quantitative Risk Assessment (QRA)/modelling
requirements and final reporting. The programme has been developed collectively by the
Project Partners and has undergone an iterative review process to ensure agreement on
deliverability and responsibility.

The Project plan is assumed to commence immediately on notification of NIC success
and is designed to complete in mid-2020. The GB GDNs will add their year one
contribution to the NIC project bank account to bridge any gap between the January
start date and delivery of NIC funding provision (April 2018) ensuring no delays to
project execution. Whilst costs for Phase 2 - Field trials) are considered robust the final
site selection is still to be determined (see Appendix C for detail on field trials). The
programme team are confident that this will be achievable and the letter of support
(Appendix J) from the combined authorities of the West Yorkshire areas confirms the
regions commitment to ensuring project delivery.

6.1.2 Project management and governance

The aim of the Project structure is to manage and deliver the Project safely within
budget and programme. It is designed to provide the Network Licensee the level of
control required to meet the requirements of the Ofgem Governance Document, as well
as the governance requirements of the Partners, specifically DNV GL and the Health &
Safety Laboratory (HSL) who are the operators of the Spadeadam and Buxton sites
respectively. As with any major project, governance will be in place to ensure progress is
monitored via a regular review process by Project Partners throughout the delivery of
the Project. The Project organisation is summarised in the management diagram in
Appendix D.
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The GB GDNs have a well-developed and proven collaboration agreement, which has
formed the basis for previous NIC projects to date. This has already been reviewed by
the primary Project Partners and will form the basis for this project.

The governance framework is in place to ensure appropriate oversight and control over
key decisions and to delegate authority for scope delivery to a Steering Committee. The
Steering Committee will comprise of representatives nominated by each of the
collaborating GB GDNs and the primary project Partners. The Chair of the Steering
Committee shall be the H21 Programme Director for NGN. Should the chair not be
available they shall delegate to one of the other collaborating GB GDNs as appropriate.

The Steering Committee will meet on a quarterly basis to review Project progress
reports, performance against budget, key Project risks and material issues. The rules of
the Steering Committee will be set out in the Project Collaboration agreement, and are
summarised in Appendix D.

The H21 Programme Director is accountable for the successful allocation of milestones
and allocation of stage funding under the NIC allowance. The Project nominees from the
other GB GDNs shall report progress to their own executive committees.

Project management is provided by a multi-disciplined project team, see Appendix D,
Organogram, responsible for co-ordinating the day-to-day operations of the Project,
coordinating and reporting to the Steering Committee, and acting upon decisions, with
relation to budget management, and submitting requests for milestone completion and
sanctions to progress to subsequent project stages. Project Board meetings of the
participants will be held monthly.

Due to the nature of the H21 NIC project, testing will be required at Spadeadam and
Buxton managed/overseen by DNV GL and the HSL respectively. To provide an
appropriate level of governance and agreement of the respective testing plans DNV GL
and the HSL will be required to review and agree each other’s finalised master testing
plan and testing regime. Furthermore, both Partners will also be permitted to have a
presence in each other’s respective testing operations to confirm that tests were
undertaken in line with agreed methodology and ensure credibility of results.

The HSL will also participate in the QRA/modelling element of the Project and both HSL
and DNV GL will collectively support the development of the master testing plan
requirement for Phase 2 of the Project, Field Trials.

The project structure also includes a stakeholder/advisory board. The purpose of this
board is to ensure appropriate levels of communication across key stakeholders, for
example BEIS, the Health & Safety Executive (HSE), Local Authorities, Heating and
Hotwater Industry Council and Institution of Gas Engineers & Managers (IGEM), are
established with opinions and observations which can be disseminated back to the
Steering Committee for consideration. The frequency and participants (which may
change as the Project progresses) will be proposed by the H21 Programme Director and
agreed via the Steering Committee.

6.1.3 Project Partners, contractors and team

The GB GDNs have constructed a team comprising experienced and expert companies
and individuals. Additional company summaries and CVs of key individuals can be found
in Appendix H.

Project Partners have been categorised as Primary Partners or support Partners. Primary
Partners (DNV GL and the HSL) are undertaking and responsible for key aspects of the
work. Support Partners are adding specific strategic advice to the Project team to ensure
validity of results, value for money, support knowledge dissemination and provide
general challenge and review to the Project Board and Steering Committee meetings.
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This project is a true collaboration between all GB GDNs. NGN is the funding licensee
and project sponsor. Cadent, Scotland and Southern Gas Networks and WWU are
collaborating and co-funding GDNs. They all bring their expertise and experience relating
to the gas network to the Project, and between them have undertaken numerous NIA
and NIC projects in the past. The Projects primary and supporting Partners and their
roles are summarised below.

DNV GL (primary Partner): DNV GLs UK gas consulting business has a common
history with the GDNs since, like the GDNs, it was formerly part of British Gas. DNV GL
still employs some of the staff responsible for the leakage testing programme developed
and executed throughout the 1990s and, to date, have been invaluable in advising on
the testing programme specifically avoiding unnecessary testing where possible. They
are the operator of the Spadeadam Testing and Research facility, on the border of
Cumbria and Northumberland, and have over forty years of experience carrying out
hazardous testing at large scale, quantitative risk analysis and computer modelling. They
will plan and oversee the experimental programme at the Spadeadam site, as well as
providing a reviewing and support function at Buxton and the Phase 2 - Field trials. DNV
GL will also have primary responsibility for the QRA and updating of the existing
computer modelling platform used to extrapolate results across the GB gas distribution
network asset base.

The Health & Safety Laboratory (HSL) (Primary Partner): One of the UK’s
foremost health and safety experimental research establishments. They understand the
issues that the HSE need to see addressed in this project. This experience significantly
de-risks the Project by ensuring that the relevant evidence base is understood from the
outset, and ensures close and effective engagement with the HSE throughout the
process. They will plan and oversee the experimental programme at their Buxton sites,
as well as providing a reviewing and support function at Spadeadam, the QRA and Field
Trials.

The following Partners are all considered Supporting Partners.

Alastair Rennie - YOEnergy Limited: Review role providing over 38 years’ experience
mostly Project Management of large or new issues, delivered to budget. Since 2000 he
has worked on renewable energy options and in 2006 he helped found and then led the
UK Hydrogen Association, and its merger, to found the UK Hydrogen and Fuel Cell
Association. Concurrently a Director of the Carbon Capture and Storage Association,
where he has led on technical issues such as HS&E, and has long advocated ‘low cost,
low carbon hydrogen’. He was a prime contributor to H21 LCG NIA.

Element Energy: One of the UK'’s leading low carbon energy consultancies. Through
over fifteen years of work in the hydrogen sector, Element Energy has worked with all
the major industrial companies in the UK’s hydrogen sector, led numerous multi-
stakeholder assignments, gained a deep understanding of the full spectrum of hydrogen
technologies from generation, transport, storage and use, whilst also building a very
extensive global network of stakeholders throughout the hydrogen sector.

Kiwa Gastec: Kiwa is a UK Notified Body under the Gas Appliance Directive and has
developed close relationships with most UK gas appliance companies. They ran the BEIS
Hyhouse project, an investigation of the comparative behaviour of 100% hydrogen and
natural gas leaks in a two-storey building, and have carried out risk assessments on
several hydrogen refuelling stations. Kiwa have been involved in H21 LCG and several
high-profile hydrogen projects to date. They operate a gas-safe training centre and will
bring a valued perspective on gas safety.

Radius Systems Limited: Radius have a unique historical position with 48 years of
trading spanning the history of polyethylene pipe use in UK gas distribution. Through
their technical staff, who individually can evidence between 20 and 39 years’ experience,
Radius will provide high quality support to the H21 NIC, both in terms of PE pipe systems
and failure modes/mechanics. Additionally, Radius currently hold the presidency of the
Plastic Pipes Group within the British Plastics Federation, ensuring an industry wide
perspective is available to complement the single manufacturers viewpoint.
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The National Physical Laboratory (NPL): NPL is the UK’s national standards
laboratory and is owned by BEIS. NPL Management Limited operates as a public
corporation and is an internationally respected and independent centre of excellence in
research, development and knowledge transfer in measurement and materials science.
They will provide advice on the measurement techniques (specifically for the field trials)
and support close and effective engagement with BEIS throughout the process.

6.1.4 Project delivery risk assessment and mitigation

The Project will be managed using a structured approach to project delivery risk. During
the development of the Project a risk register has been drawn up as shown in Appendix F
which identifies risk, risk management and mitigation plans.

A standardised approach is used for the Project, where risks are categorised and
assessed in terms of likelihood and impact. Likelihood is assessed on a scale from 1 to 5,
(from impossible to certain), and impact assessed between 1 and 5, (from low to
disastrous). mitigation measures against each risk are identified and actions proposed.
The risk is reassessed based on the mitigation measures being put in place. This tool will
be used proactively to manage the Project throughout the delivery phase, with clear
responsibility for each action and risk status. It will be updated regularly throughout the
Project and will provide the basis for reporting.

The H21 NIC project risk is grouped into three main categories of risk; namely health
and safety, technical delivery and project risks. The risk register has been developed
using a 5x5 risk rating.

The health and safety risks are primarily around the construction, delivery and
undertaking of the three test Phases 1A, 1B and 2. As these all involve practical and
operational testing, the risks are potentially high, although with the necessary controls
and mitigations in place, these will be managed to ALARP (as low as reasonably
practical). It is important that onsite controls and management are effective in the
delivery of the programme. All three locations for the testing will have their own
management processes and procedures in place to allow safe operation of the tests.

Technical risks are associated with the Project, and therefore data quality is critical.
Having the appropriate instrumentation available is a key factor and a risk. Some of the
instrumentation is already in use for similar types of projects for measuring data but
further investigation will be undertaken once the Project begins. There is a need for
detailed design and planning of the sites and this has been undertaken in advance
through an NIA project where the sites will be designed and approved through a design
assurance process following the Industry guidelines.

Project risks includes the delivery, duration and cost of the Project. These risks will be
managed throughout the duration of the Project, as outlined in Section 6.1.2 and
Appendix D. One of the other risks is the engagement of stakeholders and the
importance of stakeholder management through the Project, this will be supported with
a knowledge dissemination strategy as defined in Section 8.

6.1.5 Interface with other innovation projects

The H21 NIC has been established as a direct result of the H21 LCG project and the
subsequent ‘Executing the H21 Roadmap’ document. This NIC project sits centrally to
unlocking a long-term future for low carbon energy (heat, light and transport) utilising
hydrogen gas alongside growing low carbon electric.

It interfaces directly with existing NIC projects as well as humerous NIA projects
focusing on hydrogen and wider gas industry issues, for example billing. These include:

BioSNG, i.e. the potential for bioHydrogen following a subsequent conversion to 100%
hydrogen which could enhance the existing plants net energy production characteristics.

HyDeploy which will consider blending hydrogen into the existing gas grids. Whilst the
H21 project is fundamentally different there will be safety and customer interface best
practice which will be shared openly between the Projects.
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Future of Billing, considering the changes to billing methodology necessary to facilitate
adoption of new gases and blends more widely.

This H21 NIC will interact and complement directly the BEIS £25m ‘Downstream of the
meter’ innovation programme. Designed to deliver within similar timescales, these two
world-first innovation programmes will ensure all aspects of the outstanding critical
evidence for a 100% hydrogen conversion to decarbonise heat is provided effectively
and efficiently. This is essential to facilitate an optimised future policy decision on heat in
the interests of gas customers.

Finally, this H21 NIC project will be centrally coordinated from the H21 project office
established in Leeds City Centre in conjunction with Leeds City Council. This office has
already established national and international links (Statoil, Australia, Eurogas, Hong
Kong and Japan) via stakeholder engagement activities and hydrogen specific NIA
projects including:

e H21 - Strategic Modelling Major Urban Centres.

e H21 - Domestic Metering.

e H21 - Alternative hydrogen production and storage methodologies.

These links will be utilised to ensure international best practice and benchmarking,
knowledge dissemination, enhanced global lobbying and, hopefully leveraging additional
funding, to support development of a live trial following the BEIS and H21 NIC
programme completions.

6.2 Evidence of the measures a network Licensee will employ to minimise the
possibility of cost overruns (direct benefits are not applicable to this
project)

6.2.1 Budget development

A conservative approach has been taken to produce a robust cost plan for delivering the

Project.

The starting point for the cost plan is the careful design of the overall programme. This
ensures that not only are the technical activities accounted for, but important facets
such as communications and consumer engagement are properly considered and costed.
The programme and costs have been developed collaboratively and iteratively by all the
Project Partner’s, drawing on the significant amount of technical work from the H21 LCG
and ‘H21 - Keighley & Spadeadam Designs’ NIAs as well as the specific and unique
expertise and historical background from the Partners.

Collective development and agreement by all Partners was established on the minimum
testing requirements which would be essential to solve the problem statement, i.e.
Phases 1A, 1B and 2 and the detail thereof, (see Section 2 and Appendix C). Once this
was finalised and agreed a detailed iterative costing exercise was undertaken to
establish a bottom up cost breakdown based on levels of effort for individual activities.
For Partners with existing pre-tendered framework rates these rates were used to build
up costs. Rates for Partners not on existing framework agreements were established by
benchmarking against past projects, e.g. the HSL rates on HyDeploy.

Costs associated with site construction costs at Spadeadam and Buxton were established
utilising NGNs expertise to provide estimates against preliminary site designs which were
also sense checked and agreed as appropriate with the respective site owner Partners.
Costs for extraction of network assets (for Phase 1A) were established via an
independent pricing exercise by NGN and Cadent which was subsequently compared to
ensure consensus on costs. These estimates are based on business as usual practices
within the GB GDNs and are considered minimum cost whilst ensuring achievable
delivery.

Estimates for specialist or specific items, for example hydrogen supplied to site, were
provided utilising the expertise and wider connections of the Project Partners and/or
appropriate benchmarking against other network projects, for example site security for
field trials.
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The consolidated costs have been reviewed by the Project Partners. The detailed risk
register for the Project has been reviewed to identify areas which require allowances to
be made against specific activities. By these means, and through an internal review
process, there is confidence that not only is the scope well defined and comprehensive
enough to deliver the requirements of the Project but that the associated costs are
robust.

6.2.2 Budget management
The Project will be carefully managed to ensure that it delivers to budget. This will be
overseen by the Steering Committee.

The Project Manager will consolidate and track project costs from the Partners and
subcontractors. These will be provided as part of the wider monthly project reporting
process to the H21 Programme Director for sign off.

NGN already has in place the governance processes to manage a separate NIC account
and provide the necessary traceability of invoices and payments made.

Budgets will be reviewed regularly by the Steering Committee, to give forward visibility
of costs and the opportunity to address proactively potential deviations from budget.

6.3 A verification of all information included in the proposal (the processes a
Network Licensee has in place to ensure the accuracy of information can
be detailed in the appendices)

Data assurance activities have been performed to ensure the accuracy of the data

provided in this submission is in compliance with the requirements of Ofgem’s Data

Assurance Guidance (DAG) document under Standard Special Condition A55: Data

Assurance of NGN’s Gas Transporter Licence.

Please refer to the separate NIC Bid 2017 Irregular Submissions template document
which provides details of the DAG Risk Assessment performed and the detailed data
assurance activities performed to comply with the DAG.

In addition to the DAG reporting process the following summarises the principle areas of
bid development and the parties involved to verify and agree the requirements.

Scope: This was developed iteratively in conjunction with the Project Partners, building
on the work undertaken in the H21 Leeds City Gate NIA.

Technical programme and budget: The overall technical programme was developed
by the GB GDNs and collectively agreed across all Project Partners.

Phase 1A - Master testing plan (Buxton): Developed utilising asset selection
methodology (as defined in Appendix C) and then agreed across the GB GDNs and
Primary Partners.

Phase 1B - Master testing plan (Spadeadam): Developed by DNV GL and agreed
with the GB GDNs and the HSL and, additionally supported via the ‘H21 - Keighley &
Spadeadam Designs’ NIA.

Phase 2 - Field trials requirements: Defined and agreed across all Project Partners

6.4 How the Project plan would still deliver learning in the event that the
take up of low carbon technologies and renewable energy in the Trial
area is lower than anticipated in the Full Submission

This project is a world first and will provide valuable and entirely new learning for the UK

and worldwide gas industry. Whilst the carbon savings and financial benefits to gas

customers will only be achieved through a subsequent conversion to 100% hydrogen the
learning is not dependent upon the take-up of the option.

The H21 NIC project will provide the critical safety evidence to unlock the significant
benefits to UK gas customers, the UK economy and the global climate challenge. The
benefits of such a conversion are extensive and can be quantified. However, they cannot
be realised without this project to provide policy makers and gas customers with the
confidence to make and support such a conversion decision.
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6.5 The processes in place to identify circumstances where the most
appropriate course of action will be to suspend the Project, pending
permission from Ofgem that it can be halted

The project has been carefully planned and reviewed by the Partners for deliverability, so

project suspension or termination is considered unlikely.

The progress on the Project will be constantly reviewed and assessed quarterly by the
Steering Committee and at Project Board meetings. Other than for general project
delivery reasons as identified below, the only additional foreseeable reason to stop the
Project would be the identification of a ‘show stopper’ in relation to a 100% hydrogen
conversion option. A ‘show stopper’ could be the identification of an increase in risk for
100% hydrogen relative to natural gas that would be considered unmanageable in terms
of gas distribution of 100% hydrogen. This is considered highly unlikely by all project
Partners.

More generally, the Steering Committee will have the power to suspend the Project if:
e Insufficient progress is being made compared to the Project plan.
e It cannot be delivered within its budget and additional funds cannot be raised.

e Risks are identified which cannot be mitigated and make delivery of the Project
objectives unlikely.

After any suspension, Ofgem will be approached to discuss and agree termination of the
Project. Under the terms of the Project collaboration agreement, specific provisions are
defined for dealing with termination of the work in this event.

Page 39 of 98



ofgem RIIORMS

Section 7. Regulatory issues

The network licensees will not require a derogation, licence consent, licence exemption
or change to current regulatory arrangements to deliver the Project. The Project team
has considered the following as part of the Project design to confirm the accuracy of this
statement.

Regulations/Uniform Network Code (UNC): The H21 Leeds City Gate project
identified in Section 8 (p268) the extent of the deviations required to both the Gas Act
and UNC should a full conversion to 100% hydrogen take place. The key points were:

1. The Gas Act:

Section 48 of the Gas Act defines gas:
“gas” means—
(@) any substance in a gaseous state which consists wholly or mainly of—
(i) methane, ethane, propane, butane, hydrogen or carbon monoxide;
(ii) a mixture of two or more of those gases; or
(iii) a combustible mixture of one or more of those gases and air; and

(b) any other substance in a gaseous state which is gaseous at a temperature of
15°C and a pressure of 1013.25 millibars and is specified in an order made by the
Secretary of State.

This means that a hydrogen network could be included in the scope of the Gas Act.
2. The Uniform Network Code/Gas Transporters Licence:

The Gas Transporter Licence is issued under Section 7 of the Gas Act and permits the
conveyance of gas. Under their licence each Transporter must conform to the Uniform
Network Code (UNC). The UNC is limited in scope to natural gas and does not include
hydrogen. Although this definition could be changed a major review of the UNC would be
required to identify any consequential impacts.

The H21 NIC will not convert any part of the distribution network which supplies natural
gas to customers, and will therefore not be ‘transporting’ hydrogen gas. The Phase 2 -
Field trials will be managed under a safety management system developed as part of the
Phase 1A and 1B work. They will be temporary in nature with no effect on customers,
therefore the Gas Safety (Management) Regulations, the UNC and the Gas Transporters
Licence are unaffected. No change will be required to the licence.

Consumers: No live trials are included in the Project, and so there will be no
interruptions to gas supplies or other impacts on consumers. These field trials will be
undertaken on in-situ abandoned mains with no customer connections. The purpose of
these trials is to confirm the results of the evidence gathered in the background testing.

The H21 NIC will not affect ‘Downstream of the meter’ and will not affect customers’ gas
supply.

Industry policy and procedures: The project is designed to increase knowledge of
what constitutes good practice, which will later inform the development of industry
policies and procedures for hydrogen. Good practice will be observed in the design and
execution of the test programme. The test equipment designs will be independently
design assured using the principles of the gas industry’s G17 process. Task risk
assessment and safe control of operations procedures will be observed at all test
locations to ensure safe systems of work are involved. All Partners have management
systems which are independently certified under ISO 9001, OSAS 18001 and ISO 14001
for quality, safety and environmental performance, which will be applied in full during
the execution of the work.
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The H21 NIC will solve the problem statement and allow progression of a policy decision
on hydrogen for heat and live trials (upstream and downstream of the meter). Live trials
would require changes to regulations and industry procedures, including the Uniform
Network Code documents, secondary legislation, e.g. GCoTER - Gas Calculation of
Thermal Energy Regulations, and a range of other industry specific documents. Whilst
these amendments are out of scope of the H21 NIC project, coupled with the BEIS led
‘Downstream of the meter’ programme, they will provide the significant evidence
required to allow these amendments to take place.

Furthermore, other existing NIC projects such as HyDeploy, Future Billing Methodology
and the Opening up the Gas Market (completed) will add further evidence and, as
importantly, establish the methodology for amending these documents in future.

Health & Safety Executive (HSE): The HSE do not own the safety case for GB GDNs.
These are owned by the GDNs themselves. The HSE ensure compliance with this safety
case. However, any significant change to the safety case, such as to convert the GB gas
distribution network to 100% hydrogen, must be justified with evidence to the HSE and
BEIS. The process for such significant changes is currently being progressed and
developed as part of the SGN Oban project. As a primary Partner to the Project, the HSL
have a direct link to the HSE ensuring that open communication with this critical
stakeholder is efficient and effective.
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Section 8. Customer impact

A fundamental part of the rationale for undertaking the Project is to develop the critical
evidence to allow for a deliverable policy decision on heat to be made in the early 2020s.
A GB gas distribution network conversion to 100% hydrogen to decarbonise heat would
cause minimal disruption in the homes and the highways for gas customers when
compared with viable alternatives.

The H21 NIC has three phases which will have different levels of impact on customers.
No phase will have any significant impact on customer’s gas supplies. The specific type
of customer impact per phase is summarised below with a detailed explanation
thereafter.

e Phase 1A - Background testing. Could have a minor impact on a very limited
number of customer supplies when removing network assets.

e Phase 1B - Consequence testing. No customer impact.

¢ Phase 2 - Field trials. No impact on customers gas supplies. However, a customer
engagement plan will be developed to ensure customers in the surrounding area are
aware of what works are being undertaken.

8.1 Phase 1A - Background testing

Background testing will involve a strategic set of tests covering an appropriate range of
assets and pipe configurations representative across the GB Gas Distribution Networks
(GDNSs). A cross section of these assets will be removed from the networks and
transported to the HSL site at Buxton. Controlled testing with natural gas and 100%
hydrogen will then be undertaken. These tests will provide the quantitative evidence for
changes to background leakage levels in a 100% hydrogen network. The only element of
this phase which could have an impact on customers will be the removal of network
assets prior to delivery to the Buxton sites.

As part of the H21 NIC bid development a range of pipes and equipment has been
identified and agreed as appropriate by all Partners, within the master test plan for
Phase 1A (see Appendix C). These assets will need careful removal from the network by
isolation under normal gas flow-stopping procedures. The samples will be carefully
removed from the excavation to minimise disturbing the pipe, joints and other assets
that may be present (e.g. valves). All the work activities to remove the pipe samples will
be undertaken in accordance with GB GDN technical and safety procedures.

Most of the assets to be removed will be varying diameters of pipes with different joint
configurations. To keep customer impact to a minimum these assets, where possible, will
be isolated and removed as part of the Iron Mains Replacement Programme (IMRP) or
Business as Usual (BAU) operations. For all the GB GDNs, customers are at the heart of
the IMRP with a strong focus on minimising the amount of time that the customer is left
without gas.

Removal of network pipes for testing will be designed to capitalise on existing planned
projects in the 2017/18 and 2018/19 GDNs IMRP. These sites will be identified in
collaboration with all the GB GDNs to ensure samples are removed with no additional
impact on customer’s gas supplies other than what would have already been the case
under business as usual for the individual projects in question.

The IMRP covers Tier 1 mains (up to 8 inch diameter) and some Tier 2 mains (above 8
inch and below 18 inch in diameter). To isolate and remove mains which fall outside the
IMRP (Tier 2 non-mandatory and Tier 3 mains which are 18 inch and above diameter),
the Project team will try to select mains from across the GB GDNs which have been
identified for replacement as part of BAU network processes under a cost benefit
analysis. This will ensure that excavation and removal of these mains has no additional
impact on customer’s gas supplies other than what would have already been the case
under BAU for the individual projects in question.
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There may be some Tier 2/3 mains identified in the Master Testing Plan (MTP) which are
not identified in the 2017/18 or 2018/19 replacement programmes across any GB GDNs.
If this is the case, in the first instance, consideration will be given to changing the
diameter of main selected for testing to a similar size main that has been identified in
one of the GDNs replacement programmes. If this is not possible and/or could affect the
validity and confidence in the tests an appropriate main will be identified which will have
the lowest customer impact possible. It should be noted that, for the length of main
which will be removed for testing, it is highly unlikely that this will affect more than one
customer connection.

All GB GDNs have a strong focus on customer service which includes keeping customer
time off gas to a minimum. GB GDNs have well established processes to minimise
additional customer impacts when undertaking work on the network. It is normal
practice that as part of the IMRP and BAU operations customer and stakeholder
mitigation plans are developed to ensure impacts are minimised as much as possible for
the work activities. These plans focus on the following general areas, but are not limited
to:

e Traffic - traffic flow/volumes, management systems in place, bus routes and
emergency routes.

e Land uses - private roads etc.

e Education - nurseries, schools and universities nearby.

e Public services — hospitals, ambulances, fire stations, crematoriums etc.

e Business and commerce - types of businesses, commercial, retail outlets etc.
e Type of house/private/public.

e Special event/consideration.

e Residential areas.

It is important to identify the level of community engagement which will be required for
the type of works to be undertaken and to ensure the engagement process is continuous
and appropriate. For Phase 1A the H21 NIC project will utilise already well-established
practices and leverage planned work programmes to keep customer impacts to a
minimum.

8.2 Phase 1B - Consequence testing

Consequence testing will involve the quantification of risk associated with background
leakage as determined in Phase 1A, failure leakage (for example mains fracture, 3™
party damage) and operational response, i.e. repairing leaks. This means establishing
what the consequence of leaking hydrogen will be for different scenarios with different
potential sources of ignition when compared to natural gas. This phase of testing will
have no impact on customer gas supplies and will require minimal customer liaison as
part of the test due to the remote location of the Spadeadam site.

These tests are designed to provide validation information and data to enhance the
knowledge and the behaviour of hydrogen compared to that of natural gas. A series of
tests have been developed based on the existing research and operational knowledge of
natural gas. Some of these tests will include modelling releases of hydrogen, ignition and
explosion of various scenarios. It is due to this nature of testing that DNV GL Spadeadam
Research and Testing Centre has been chosen for the location. It is a remote site with a
comprehensive array of engineering and scientific equipment and facilities specifically
designed for these types of activities.

DNV GL Spadeadam Research and Testing Centre have established stakeholder and
customer management processes which will be in operation during any testing. This
includes liaising with the RAF staff for overall site control and local residents as part of
the daily plans.
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8.3 Phase 2 - Field trials

Field Trials will involve tests on in-situ mains and some above ground assets (for
example district governors), the purpose of which is to confirm the results of the
evidence gathered in Phase 1A. These tests will not be undertaken on live mains or
downstream of the meter and will not affect customer’s gas supplies. Extensive liaison
with Local Authorities, as well as a comprehensive customer engagement plan will be
required to inform neighbouring residents of the works being undertaken.

The H21 NIC team have been working closely with the West Yorkshire Combined
Authority to identify demolished/derelict sites where mains networks still exist.
Derelict/demolished sites have been identified as the most suitable sites for field tests as
the network assets still exist but will have been isolated from the network and do not
impact end use customers. Using these types of sites will ensure no customer impact
and a safe, but ‘real-life’ environment for carrying out field testing.

Final site identification and subsequent design/enabling work will be undertaken
throughout 2018 in preparation for the field trials in 2019. To date several sites have
been identified and assessed against the parameters identified in Section 2. Ultimately
the site selected for field testing will represent the best value for money in terms of cost,
range of assets available, surrounding land use and level of customer impact. The
selected site will be provided to the H21 NIC project under legal agreement between the
council and the networks for the duration of the trial.

The field trials will be carried out under a well-developed safety management system
supported by the evidence from Phases 1A and 1B. A customer/stakeholder engagement
plan will be developed and approved by the Steering Committee to ensure customers in
the surrounding area are fully aware of the work being undertaken.
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Section 9.
The following project delivery criteria are based on a project commencement date of
January 2018.

Ref:

10

Project
Deliverable

Contractual
agreements
signed

Phase 1A
contract
award of
Phase 1A site
build
(Buxton)

Phase 1A/B
Completion
of Master

Testing plan

Phase 1A
Completion
of build
works

Phase 2
Legal
agreement
for site.

Phase 1B
Completion
of testing

Phase 2
Completion
of field trials

QRA and
modelling
completion

Report and
results

Comply with
knowledge
transfer
requirements
of the
governance
document

Project Deliverables

Deadline

28/02/18

02/04/18

01/06/18

01/09/18

24/12/18

31/03/19

24/12/19

30/4/20

01/08/20

End of
Project

Evidence

Signed contractual agreements
between all GB GDNs and Primary

Partners.

Signed contracts (following tender) for
build of background testing facilities at

Buxton.

Completion and agreement of final
Master Testing Plan (MTP) schedule for
background testing and consequence

testing.

Completion of site build at Buxton and
delivery of a minimum of 75% of
network assets measured against MTP.

Legal agreement signed between
parties for field trials site.

Completion of consequence testing at

Spadeadam.

All testing completes measured
against field trials MTP.

Completion of updated QRA results
and modelling for hydrogen scenarios
following results from Field trials.

Report and results issued at
conference event.

1. Annual Project progress reports
which comply with the governance

document.

2. Completed close down report which
complies with the requirements of
the governance document.

3. Evidence of attendance and
participation in the annual
conference as described in the
governance document.

m T OMRETTION ‘
COMPETITION

NIC Funding
Request
(%)

5%

5%

15%

25%

10%

10%

20%

5%

5%

N/A

Page 45 of 98



ofgem

Section 10.

Appendix Title

A

Benefits
tables

Benefits
justification

Detailed
Project
description

Governance
and
organogram

Gantt chart
Risk Register

Cost
Breakdown

Project
Partners

Stakeholder
Engagement
to Date

Letters of
Support

Signed NIC
bid
acknowledg
ment
document

RIIO

List of appendices

Description
Benefits table as defined by Ofgem. (2 pages)

Detailed description of how the financial and
environmental benefits were calculated. This
section also provides much more detail in
support of Section 4. (7 pages)

A detailed description of the Project and all the
phases, building significantly on Section 2. (20

pages)

An overview of the contractual and project
team structure. (2 pages)

The programme of delivery for the project (2
pages)

The risk register and mitigation strategies for
the project. (3 pages)

Overall costs for the Project broken down by
project management and delivery by phase. (1

page)

A detailed overview of key Partners and
personnel who will be engaged on the project.

(4 pages)
A comprehensive list of stakeholder
engagement undertaken as part of the H21

Leeds City Gate NIA project and development
of this H21 NIC bid. (4 pages)

Letters of support from (6 pages):

1. The West Yorkshire and Tees Valley
Combined Authorities (15 councils) to the
Secretary of State.

2. Letter from Leeds City Council to Nick
Hurd.

3. West Yorkshire Combined Authorities -
H21 NIC bid specific support.

4. UK Hydrogen and Fuel Cell Association.

5. Scottish Hydrogen and Fuel Cell
Association.

6. Carbon Capture and Storage Association.

7. Energy Networks Australia.

8. The European Gas Research Group.

9. Australian Gas Networks.

10. Atco Gas.

11. Alstom Transport UK.

A document signed at Director level by all GB
GDNs confirming their support and financial
commitment to the H21 NIC bid. (1 page)
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Appendix A. Benefits Table

Method Method name

Method 1 Baseline scenario taken as option one from Section 11 of the H21 LCG report

Gas NIC - financial benefits: Cumulative Financial Benefits (NPV terms; £m)

Post-trial solution Method An incremental 100% hydrogen conversion of the GB gas
(individual 1 N/A N/A N/A N/A N/A N/A distribution networks could only be undertaken with significant
deployment) scale and a policy decision. The scenario presented in the H21

- report could be considered a ‘minimum’ initial policy position
Licensee scale i.e. 1/5 of the gas network. The scale in the scenario is
If applicable, Feasotrﬁlble but initialdueran centrels c:hnvel\:ti:lhcoulg change
i Method rom those suggested. For example, the ‘Northern Power
gﬂgﬁ;ﬁa%es’;?é?ggr 1 N/A N/A N/A N/A N/A N/A Hquse' could be usec] instead o_f the major cities across the UK.
the Licensees’ With subsequent policy extending to other areas.
network.
GB rollout scale circa | All assumptions in Appendix B (Section B4) summarised

. 1/3 further in bid Section 3.4.1 & 4.1.4.

If applicable, App gas
indicate the number | Method | App B B | 5,505 | 32,457 | 48,250 | Zonns
of relevant sites on 1 (B4) (B4) ' ' '
the GB gas
distribution network.
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[ Gas NIC — carbon and/or environmental benefits: Cumulative Carbon Benefits (tmCO2e

GB gas distribution
network.

Post-trial solution Method N/A An incremental 100% hydrogen conversion of the GB gas
(individual 1 N/A N/A N/A N/A N/A networks could only be undertaken with significant scale and a
deployment) policy decision. The scenario presented in the H21 report could
- be considered a ‘minimum’ initial policy position i.e. 1/3 of the
Licensee scale N/A | gas network. The scale in the scenario is reasonable but initial
; o urban centres converted could change from those suggested.
{;Z;:’pzlgc‘l%tgf,olfndlcate Metlhod N/A N/A | N/A | N/A | N/A For example, the ‘Northern Power House’ could be used instead
relevant sites on the of the major cities across the UK. With subsequent policy
Licensees’ network. extending to other areas.
GB rollout scale circa | All assumptions in Appendix B (Section B 3.3) summarised in
, - 1/3 bid Section 3.5 & 4.1.3
If applicable, indicate
the number of Method | AppB | AppB | , ¢ 83 363 ggﬁns
relevant sites on the 1 (B3.3) | (B3.3)

Environmental benefits which cannot be expressed as tCO2eq: The benefits have been calculated based on guaranteed CO: savings from heat alone.
However, there would be significant benefits arising from the rapid uptake of hydrogen vehicles across cities with hydrogen gas distribution grids. These could be more
significant than heat as hydrogen fuel cell vehicles not only remove carbon dioxide but also particulate matter and NOx. For the purpose of this H21 NIC bid trying to
calculate this benefit was considered over complicated and held too much reliance on projected uptake of vehicles, however, the heat benefit savings are guaranteed.
Additionally, fugitive methane emissions (25 times more detrimental to the environment than CO2) from natural gas distribution network leaks (current leaks) would no
longer pose an environmental threat from hydrogen gas distribution grids. Finally, for hydrogen converted areas, carbon monoxide risk would be eliminated entirely as it
is not possible to get carbon monoxide poisoning from a hydrogen appliance.
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Appendix B. Justification of Financial and Carbon
benefits

B.1. Strategic approach

The H21 - Leeds City Gate (H21 LCG) Network Innovation Allowance project assessed
the feasibility of converting a major city’s gas distribution network from natural gas to
100% hydrogen. The project was designed to be a ‘blue print’ study to prove that the GB
gas distribution networks could be converted to 100% hydrogen. Specifically, it
confirmed the following.

e The gas distribution network has sufficient capacity to convert to hydrogen, i.e. the
pipes were big enough, with minimal upgrading.

e That a secure supply of zero carbon hydrogen could be provided to meet the annual
and peak demands of the city. This would be achieved via Steam Methane Reforming
(SMR) coupled with Carbon Capture and Storage (CCS).

¢ That intra-day (within day) and inter-seasonal storage could be managed alongside
hydrogen production facilities (SMRs) using salt caverns developed in the salt
deposits available across the UK and specifically in the north-east region.

e That the city could be converted incrementally with minimal disruption to customers.
This would be undertaken in a similar fashion to the towns gas to natural gas
conversion which occurred across the UK between 1966 and 1977.

e The overall costs for such a conversion and a recommendation for how that could be
financed with minimal impact in customers’ bills.

e How such a conversion could be undertaken incrementally across the UK over time
which would provide the single biggest contribution to decarbonisation.

All the technology identified and developed in the H21 LCG project can be evidenced
across the world today. The project suggests that an incremental conversion (i.e. one
city then the next) to 100% hydrogen within the UK gas distribution grid is technically
possible and economically viable.

Converting the GB gas distribution network to 100% hydrogen would provide large scale
decarbonisation of heat with minimal disruption to existing customers versus alternative
options. Alternative options can be considered to include electrification of heating,
district heating and energy efficiency. Additionally, converting the gas distribution
network to 100% hydrogen is an immediate and long term low carbon option as the
system would provide a deep, system based level of decarbonisation from the day of
conversion. Electrical heating options and district heat are only low carbon if the
electricity or heat is decarbonised at source. This would not be likely from day one and
there are many uncertainties around how or if this could be technically, economically or
socially achieved.

The H21 LCG report provided detailed and robust analysis of the carbon savings
associated with production of hydrogen via SMR coupled with CCS. This was chosen as
the most credible source of economic, large scale and low carbon hydrogen supply based
on international evidence. Most of the world’s hydrogen is produced using this proven
technology. In Port Arthur, America SMR plants have already been connected to CCS
infrastructure.

A practical, incremental rollout scenario for 100% hydrogen conversion across the UK
was presented in Section 11 of the H21 LCG report. As the H21 LCG project represents
the most advanced document to date on UK gas distribution network conversion to
100% hydrogen the figures from this report have been used to develop the carbon and
cost benefits up to (and beyond) 2050.
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B.2. Evidence on counter factual success - all electric heating to date.

Until the H21 LCG project the options for decarbonisation of heat through gas
distribution network grid conversion to 100% hydrogen had not been realistically
considered. This has resulted in ‘low carbon heat’ options being focused on electric,
predominantly through air source heat pumps, and, more recently, district heating.
Neither approach comprehensively considered the energy systems. The H21 LCG project
has started to fundamentally shift embedded opinions when considering large scale
decarbonisation options. Additionally, it has articulated the complexity, scale and
benefits of the GB gas distribution networks and the opportunity they present for large
scale decarbonisation utilising technology evident around the world today, as well as
galvanising support for the concept across the supply chain and political arena.

The recent work undertaken by Wales & West Utilities in the Bridgend Project highlighted
some of the substantial barriers to delivery of low carbon heat via heat pumps. The
requirement for high levels of capital outlay and substantial disruption means that
consumers are not adopting these technologies despite current government incentives.

Some of the challenges around electric heating deployment in the UK were also
extensively covered in the Committee for Climate Change ‘Next Steps for Heat’ report.
Some points therein are provided below:

e The market for domestic heat pumps has flat-lined in recent years in existing homes
at around 9,000 a year, despite the recent decreases in levels of support for
domestic biomass. The latest RHI (Renewable Heat Initiative) projections aim to
reach 16,000 a year by 2021, but there is no evidence of any acceleration in the
rate of take up.

e To decarbonise heat supply (with heat pumps by 2050) it would need to run at over
1 million installations a year from the mid-2030s.

e For air-source heat pumps this (the slow uptake) is most likely due to the upfront
cost barrier, low awareness, and the fact that the tariffs deliver lower returns for
smaller properties.

e Heat pumps remain a niche option in the UK as previous policies have failed to
deliver a significant increase in uptake. However, they are used widely in many
other countries (e.g. Sweden and France) and are the primary low-carbon option for
most UK buildings off the gas grid.

Whilst heat pump technology will undoubtable have a part to play in a low carbon future
there are significant challenges. Additionally, heat pumps do not address industrial and
commercial heat at approximately 40% of city based consumption (see H21 LCG) and
are not appropriate for many UK properties. A UK gas distribution grid conversion to
100% hydrogen would resolve all these problems.

B.3. Carbon and environmental benefits

B.3.1. Baseline Scenario (Information based on Section 11 H21 LCG report)

A significant advantage of a 100% hydrogen conversion is that rollout across the UK can
be achieved incrementally at a rate dictated by appetite for cost and carbon reduction.
To provide some clarity on what a rollout strategy could look like Section 11 of the H21
LCG report provided an example of incremental conversion involving many major British
cities/urban centres, covering around 30% of gas users. The example presented in the
H21 LCG report (Option 1, p324) provided significant carbon benefits in a relatively short
time whilst ensuring broad UK coverage to encourage wider benefits (transportation/
electrification).

The cities and major urban centres considered for conversion as part of this option
include: Leeds (city), Teesside (greater area), Kingston upon Hull (city), Newcastle
(greater area), Manchester (greater area), Sheffield (city), Liverpool (greater area),
Edinburgh (city), Glasgow (greater area), Birmingham (greater area), Bristol (city),
Cardiff (city), Aberdeen (city), Leicester (city), Luton (city), Oxford (city) and London
(greater area). All other areas in this scenario could remain on a natural
gas/biogas/hydrogen blended mix.
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When considering an incremental conversion to 100% hydrogen there are many other
advantages and environmental benefits that have not been factored into the analysis for
the H21 NIC due to adding unnecessary complexity. However, they have been included
below for completeness and consideration:

e The existing high pressure natural gas network will remain in place for large
industrial users such as power stations. These industrial users can be converted onto
the Hydrogen Transmission System (HTS) at the end of their asset life providing low
carbon decentralised electricity generation.

e Fuelling stations can be built across the cities hydrogen grid which would allow a
greatly accelerated decarbonisation of transport alongside electric vehicles.

e Converting some of the UK cities worst transport polluters to hydrogen (or initially
natural gas) has a significant beneficial impact on air quality by removing NOx and
particulate matter emissions from vehicles with no electrical alternative, for example
garbage trucks.

e During or following conversion to 100% hydrogen the uptake of micro combined
Heat and Power (CHP) by homeowners could have a huge impact on decarbonisation
of electricity. This is because generating electricity locally removes the current
electrical system efficiency losses. This results in less requirement for central
generation and no loss of energy due to transporting electricity down cables.

B.3.2. Carbon intensity

The rationale for any natural gas to 100% hydrogen conversion programme must be a
net reduction in emissions of carbon dioxide and other greenhouse gases, expressed as
their carbon dioxide equivalent in line with Kyoto Protocol, but quantifying this can be
complex. When comparing the carbon emissions of any product or service it is vital to
compare like with like, and to define the boundary conditions in a coherent fashion.

Commonly carbon emissions are compared at three different levels and for meaningful
discussions it is vital to agree the concepts behind these. Without this, society can make
erroneous decisions. These three levels are:

Scope 1: These are the direct emissions within the system boundary of the end user
and hydrogen production facilities (typically from a boiler or vehicle). From stationary
plant, they are usually evaluated at gm/kWh of fuel. For natural gas, they are typically
184 gm COz2eq/kWhhnv (Defra/DECC data set 2015). They usually make no allowance for
the carbon dioxide emitted in (for example) liquefying the natural gas in Qatar,
transporting it in refrigerated ships, storing it in LNG depots, re-gasifying it and
compressing it into the National Transmission System. For the H21 system these include
emissions associated with the production of hydrogen and carbon from the SMRs.

Scope 2: Typically allows for Scope 1 carbon emissions and for additional energy inputs
to the system such as electricity from the grid. For the H21 system these include the
electrical consumption of the plant and the compression requirements (both CCS and
hydrogen).

Scope 3: Endeavours to capture the embodied carbon emitted in material inputs to the
system, for example LNG refrigeration and transport of product.

Establishing the CO: emissions for H21 Leeds City Gate

H21 LCG used the Defra/DECC natural gas emission figure of 184.45 gm CO2eq/kWhHnv
(Defra/DECC data set 2015, Scope 1 emission) emitted directly from the combustion of
natural gas and a further 24.83 gm CO2eq/kWhunv (Defra/DECC data set 2015, Scope 3
emission) by the natural gas supply system making a total of 209.28gm/kWh for the
present natural gas supply. These factors were used to estimate what the emissions
from the H21 LCG system were.
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Scope 1 Emissions associated with the production of hydrogen and carbon
dioxide at the SMR

The main emissions from the H21 system will come from the SMR plants which convert
natural gas to hydrogen and capture approximately 90% of the carbon in the feedstock.
The highest practical efficiency (nnv basis) of a simple SMR (without CCS) is circa 88%,
with 11.2% of the energy potentially exported as steam and 76.8% of the energy
exported as hydrogen.

Simulations carried out for the H21 LCG project of the basic SMR process (with CCS)
indicate that 68.4% of the energy in the natural gas feedstock is retained in the
hydrogen product on an HHV basis. The remaining 31.6% is released as heat, much of
which is converted to steam but with some carried away in hot stack gases from the
reforming furnace. When carbon capture is added most of the steam is required by the
capture process and the stack gases are fully cooled by the capture process so that this
heat is now rejected by the cooling system. However, the overall conversion efficiency
remains the same.

The carbon footprint of the SMR+CCS has been evaluated as follows:
e The carbon footprint of the natural gas feedstock = 184gm/kWh.

e  With no carbon capture capability and an efficiency of 68.4% = 269 gm/kWh
(184/0.684).

90% of the carbon dioxide will be captured by the CCS system therefore the direct CO2
emissions from this process are 26.97gm/kWh (Scope 1).

Scope 2 Emissions include the electrical consumption of the plant and the
compression requirements (both CCS and hydrogen)

The system utilises electric power to drive pumps and fans for the carbon capture
process and the large compressors which send the captured CO: to storage. The SMR
plant could in principle generate this power from the waste heat produced by the
conversion process. However, this requires additional equipment and the simplest
concept is to import this power from the UK electrical grid. This would result in an
additional emission of 18.49gm/kWh (DEFRA emission factor 2015).

The system requires a certain amount of hydrogen to be stored to ensure all demands in
winter and during peak hours during the day are met. The additional emissions
associated with this based on the proposed maximum storage pressures are
4.07gm/kWh (DEFRA emission factor 2015).

Total Scope 2 emissions are:

e Hydrogen/carbon production = 26.97 gm/kWh. (Scope 1).

e Electric requirements for SMR plant = 18.49gm/kWh.

e Electrical hydrogen compression requirements = 4.07gm/kWh.
e Total emissions = 49.53gm/kWh.

It is important to remember that this figure is based on the 2015 electricity grid carbon
footprint, and sub optimised SMR+CCS performance to give a worst-case scenario. The
final SMR+CCS design would give better capture and efficiency and the UK electric grid
will continue to be decarbonised.

For this NIC bid the Scope 2 emissions have been used to quantify the carbon benefits.
Adding Scope 3 emissions is contentious and potentially disproportionate based on the
varying supply of LNG to the UK and conservative Scope 2 figures mentioned above.
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Total yearly volume of captured carbon

The amount of CO:2 sent to disposal during a year of operation for the H21 LCG system
are 1,440,000 tonnes per annum rounded to 1.5mtcarbon/year. The calculation can be
seen in the table below:

Unit On site emissions
Natural gas gm/kWh 184
Leeds design (average Year) TWh/yr 5.94
Emissions CO:2 Tonnes/yr 1,093,000
SMR
Conversion rate % 68.40%
Natural gas to SMR TWh/yr 8.68
Total CO2 Tonnes/yr 1,600,000
% CO2 to CCS % 90%
CO:2 to storage Tonnes/yr 1,440,000
CO:2 to atmosphere Tonnes/yr 160,000

B.3.3. Project Volumes

The projected volumes are based on the baseline scenario taken as Option 1 from
Section 11 of the H21 LCG report. The figures were calculated using the H21 LCG data
and extrapolating this based on percentage populations for each major urban centre
(Table 11.1 in the H21 LCG report). For example:

e  Population covered in the H21 LCG figures = 0.66m.

e Population in Teesside (greater area) = 0.56m.

e Percentage difference = 15% (i.e. 85% of population in H21 LCG).

e Total carbon captured per annum H21 LGC = 1.5mtcarbon/year.

e Total carbon captured per annum in Teesside (greater area) = 1.28mtcarbon/year.

The H21 LCG report also gave an indication of timescales which may be considered
reasonable for the conversion of the nominated cities. The following table summarises
the results:

Cumulative
Population Timeline Carbon capture | Carbon capture
guestimate using per annum using
(In area to Proportional Number of proportional proportional
convert in | variation from | connections Year Year variation variation
City millions) Leeds (customers) start Finish mtcarbon year mtcarbon
Leeds 0.66 1.00 265,000 2026 2029 1.5 1.5
Teesside 0.56 0.85 225,250 2029 2032 1.3 2.8
Kingston Upon Hull 0.26 0.39 103,350 2029 2032 0.6 3.4
Newcastle 1.12 1.69 447,850 2032 2035 2.5 5.9
Manchester 2.41 3.65 967,250 2032 2035 5.5 11.4
Sheffield 0.56 0.85 225,250 2035 2038 1.3 12.6
Liverpool 1.71 2.59 686,350 2035 2038 3.9 16.5
Edinburgh 0.49 0.75 198,750 2036 2039 1.1 17.7
Glasgow 1.14 1.73 458,450 2039 2042 2.6 20.3
Birmingham 2.81 4.25 1,126,250 2039 2042 6.4 26.6
Bristol 0.44 0.67 177,550 2042 2045 1.0 27.6
Cardiff 0.35 0.54 143,100 2042 2045 0.8 28.4
Aberdeen 0.23 0.35 92,750 2042 2045 0.5 29.0
Leicester 0.34 0.51 135,150 2045 2048 0.8 29.7
Luton 0.21 0.32 84,800 2045 2048 0.5 30.2
Oxford 0.16 0.24 63,600 2045 2048 0.4 30.6
London 8.54 12.91 3,421,150 2045 2052 19.4 49.9
TOTALS 22.00 N/A 8,821,850 N/A N/A 49.94 N/A
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To calculate the cumulative carbon savings from the hydrogen conversion presented in
this scenario the annual captured carbon figures for each city have been projected up to
2050. This is summarised in the following table.

HETWORK INNOVATION

NIC|

COMPETITION

Total Total Total
mtcarbon mtcarbon mtcarbon
Years to saved to Years to saved to Years to saved to
City 2030 2030 2040 2040 2050 2050
Leeds 1 1.5 11 16.5 21 31.5
Teesside 0 0 8 10.2 18 23.0
Kingston Upon Hull 0 0 8 4.7 18 10.5
Newcastle 0 0 5 12.7 15 38.0
Manchester 0 0 5 27.4 15 82.1
Sheffield 0 0 2 2.6 12 15.3
Liverpool 0 0 2 7.8 12 46.6
Edinburgh 0 0 1 1.1 11 12.4
Glasgow 0 0 0 0 8 20.8
Birmingham 0 0 0 0 8 51.0
Bristol 0 0 0 0 5 5.0
Cardiff 0 0 0 0 5 4.1
Aberdeen 0 0 0 0 5 2.6
Leicester 0 0 0 0 2 1.5
Luton 0 0 0 0 2 1.0
Oxford 0 0 0 0 2 0.7
1/7th/year
London 0 0 0 0 for 5 yrs 16.6
TOTALS 1.5 82.9 362.7
The carbon benefits are summarised up to 2050 in the following table.
To 2030 To 2040 To 2050
mtcarbon saved 1.5 83 363

It is important to note that this scenario could be rapidly accelerated. The original towns
gas to natural gas conversion converted the whole of Great Britain in 10 years which
included 14 million customers (households) and 40 million appliances. The actual rate of
conversion is dictated by the speed at which hydrogen production can be established and
this could be three times as fast as the figures represented above provided the
appropriate supply chain is established. This would give three times the benefit in terms
of mtcarbon savings by 2050, i.e. 1,089 mtcarbon.

B.4. Financial benefits

When considering the financial benefits for gas customers one must consider the
counterfactual. There is significant debate as to whether an all-electric decarbonisation
solution for all UK energy (electric, heat and transport) is technically achievable
especially within the timescales available. It is certainly unclear how an all-electric
option, specifically for heat, would be physically achievable with the technology of today
or socially acceptable given the poor adoption track record. However, if the UK is to
meet its climate change obligations it is critical that a major change occurs.

Energy efficiency measures are important for all decarbonisation pathways but even with
these it is likely that the large-scale decarbonisation of heat will require either a gas
distribution network conversion to 100% hydrogen or conversion to all electric options or
a combination of both. As stated in the Committee on Climate Changes recent ‘Next
Steps for Heat’ policy report “"Both heat pumps and hydrogen bring significant
challenges, but to reduce heating emissions close to zero in the long term, extensive use
of at least one of these options will be required...It is not possible at this stage to identify
either heat pumps or hydrogen as the dominant solution, nor should either be ruled out”.
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The recent study by KPMG ‘2050 Energy Scenarios’ suggested significant differences in
cost and deliverability between an all-electric and alternative gas options for
decarbonisation. The all-electric option for decarbonisation was estimated to have a cost
differential per consumer of over 2.5 times the gas alternative which is a £170-196bn
difference overall. Additionally, practical obstacles for the all-electric option were
considered high as opposed to low/medium for the all-gas option.

The KPMG report (p7 Executive Summary) provides an estimate of the differential cost
to decarbonise heat between all-electric and hydrogen conversion options. These figures
are summarised in the following table.

Evolution of gas Mid-point
(predominantly 100% Electric Future Scaling
hydrogen networks) Factor
Incremental cost
per consumer up £4,500-£5,000 £12,000-£14,000 2.74

to 2050

Using the 2.74 scaling factor, it is possible to work out a cost differential for customers
to convert to an all-electric option versus 100% hydrogen conversion. This is
summarised in the following table.

Population . s Cost per customer | Cost per customer
. Proportional Number of Timeline ) A X . .
guestimate (In o . Hydrogen conversion| Electric heating | Cumulative savings
variation from | connections
area to convert Leeds (customers) (based on H21 LCG | (based on KPMG (EMs)
in millions) table 11.1) (EMs) report) (EMs)
City Year start Year Finish
leeds 0.66 1.00 265,000 2026 2029 2,044 £5,593 £3,550
Teesside 0.56 0.85 225,250 2029 2032 1,542 £4,219 £6,227
Kingston Upon Hull 0.26 0.39 103,350 2029 2032 666 £1,823 £7,384
Newcastle 1.12 1.69 447,850 2032 2035 3,023 £8,272 £12,634
Manchester 2.41 3.65 967,250 2032 2035 5,939 £16,255 £22,950
Sheffield 0.56 0.85 225,250 2035 2038 1,331 £3,644 £25,262
Liverpool 1.71 2.59 686,350 2035 2038 3,978 £10,887 £32,172
Edinburgh 0.49 0.75 198,750 2036 2039 1,393 £3,811 £34,590
Glasgow 1.14 1.73 458,450 2039 2042 2,701 £7,391 £39,281
Birmingham 2.81 4.25 1,126,250 2039 2042 6,178 £16,908 £50,011
Bristol 0.44 0.67 177,550 2042 2045 1,170 £3,201 £52,042
Cardiff 0.35 0.54 143,100 2042 2045 841 £2,301 £53,503
Aberdeen 0.23 0.35 92,750 2042 2045 797 £2,181 £54,886
Leicester 0.34 0.51 135,150 2045 2048 797 £2,180 £56,270
Luton 0.21 0.32 84,800 2045 2048 611 £1,673 £57,332
Oxford 0.16 0.24 63,600 2045 2048 489 £1,337 £58,180
London 8.54 12.91 3,421,150 2045 2052 17,178 £47,014 £88,016
TOTALS 22.00 N/A 8,821,850 N/A N/A £50,676 £138,691 £88,016
The financial benefits are summarised up to 2050 in the table below
To 2030 To 2040 To 2050

Hydrogen conversion £3,585m £22,616m £50,676m

All-Electric £9,813m £61,897m £138,691m

(using 2.74 scaling factor)

Costs avoided for customers £6,227m £39,281m £88,016m

versus All Electric

Savings to gas customers versus £5,505m £32,457m £48,250m

All Electric (NPV)

As with the calculated carbon benefits it is important to note that this scenario could be
rapidly accelerated. The actual rate of conversion is dictated by the speed at which
hydrogen production can be established and this could potentially be three times as fast
as the figures represented above provided the appropriate supply chain is established.
This would give three times the benefit in terms of financial savings by 2050, i.e.

£145bn (NPV).
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Appendix C. Project Technical Description

C.1. Introduction

This H21 NIC project will provide quantified critical safety based evidence towards
proving that a 100% hydrogen GB gas distribution network represents a comparable and
manageable risk to that of the natural gas network. The project will achieve this through
a strategically designed testing and quantification programme. This programme will be
split into three primary phases:

Phase 1A - Background testing
Phase 1B - Consequence testing
Phase 2 - Field trials

Each phase of testing, agreed and designed by a consortium of leading industry
partners, is critical to provide the evidence to support a detailed Quantitative Risk
Analysis (QRA) and solve the problem statement. This QRA will then be used to evolve
the existing computer modelling software (used for natural gas) to make it applicable for
100% hydrogen allowing meaningful extrapolation of results and the associated GB Gas
Distribution Networks (GDN) assessment of risk. This appendix provides more technical
detail on the Project and provides an overview of the detailed development work
undertaken to date.

C.2. Phase 1A - Background testing

A strategic set of tests are being designed to cover the range of assets represented
across the GB gas distribution networks. A cross Section of these assets will be removed
from the networks and transported to the Health & Safety Laboratory (HSL) site at
Buxton. Controlled testing against a well-defined master testing plan, (see Section
C2.3), with natural gas and 100% hydrogen will then be undertaken. These tests will
provide the quantitative evidence to forecast any change to background leakage levels in
a 100% hydrogen network.

The background testing involves removal of network assets, building of a new testing
facility at Buxton, testing the assets and quantification of results as set out in Section
C.5. The following Sections explain how assets were selected, the preliminary design
requirements for the site at Buxton and the master testing plan. These tests are
essential to forecasting how the network may change (in terms of leakage) on day one
following a 100% hydrogen conversion. In effect, would assets that previously didn't
leak now leak when transporting 100% hydrogen and what are the consequences? A
change to this background position could have a combination of three consequences:

e A safety impact, determined and quantified through Phase 1B.
¢ A commercial impact, i.e. the cost of lost gas if leakage substantially increases.

e An operational impact, e.g. a rapid increase in publicly reported gas escapes which
could be a safety and/or logistics problem, difficulty in making new connections and
diverting mains.

C.2.1. Gas distribution network assets

A critical aspect of the background testing element of the H21 NIC has been the
selection of an appropriate range of assets to test from across the GB gas distribution
networks. There are thousands of assets types (pipes, valves, fittings, repairs, pressure
reduction equipment, etc) and configurations thereof across the GB gas distribution
networks. The key challenge has been to select an appropriate range of assets to test
which will prove an appropriate representation of distribution assets to allow meaningful
extrapolation of results. These results also need to be confidently accepted as accurate,
credible and robust by all stakeholders including the HSE, GB GDN Asset Directors, the
Department for Business, Energy & Industrial Strategy (BEIS), the wider supply chain,
scientific community, the public and all Project Partners.

A selection of photos and brief description of the different assets by category are
provided in the following section to illustrate the large range of assets that could be
selected for testing.
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Valves and fittings

The below seven bar network consists of a variety of valve types and fittings used for
different connection applications between mains and services. The following are
examples of some of the valves and fittings used across the network.

C.L. Type Valve
[

Repair techniques

The GB GDNs must maintain the network and this includes repairing leaking
mains/joints. Leaks can occur through a variety of causes, for example 3 party
damage, asset degradation, joint failures and fractures. The following images are
examples of some of the range of repair techniques that exist across the below seven
bar distribution networks.

Mains and joint types

Over the last 35 years various iron mains replacement programmes have been in place.
Since 2002, driven by the Health & Safety Executive (HSE) enforcement policy for the
Iron Mains Replacement Programme (IMRP), all GDNs have been designing programmes
to decommission all iron pipes fitting a defined diameter and risk profile within a 30-year
period. The priority in which these iron pipes have been/should be decommissioned has
been determined by use of a risk prioritisation model. This models the consequences of
failure of iron mains within 30 metres of buildings and the consequent risk of injuries,
fatalities and damage to buildings and thereby assigns a risk score to each main. It is
designed to secure public safety whilst allowing efficiency, environmental, strategic and
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customer service factors to contribute to driving the programme and allowing sufficient
flexibility to enable the Ofgem to incentivise innovation in risk management.

The current IMRP (Note: steel pipes are not currently included in the IMRP) uses a three-
tier approach to iron mains replacement. Under this approach mains are categorised into
diameter tiers as set out below:

e Tier 1: 8 inches and below (approximately 80% of all iron pipes).
e Tier 2: above 8 inches and below 18 inches (approximately 15% of all iron pipes).
e Tier 3: 18 inches and above (approximately 5% of all iron pipes).

Tier 1: Iron pipe population at 8” diameter and below represents the most significant
risk to the public. Each GB GDN operator will set a length of Tier 1 pipes to be
decommissioned over the period of their approved programmes. This should be sufficient
to ensure that all Tier 1 pipes within 30m of property will be replaced by the end of 2032
or earlier. Tier 2: Iron pipes scoring above a risk action threshold, set by the GDN
operator, will be selected to receive appropriate attention over the period of the
approved programme. The current replacement policy means there will still be iron pipes
above 8” but below 18" within 30m of property after 2032. Tier 3: Iron pipes of 18"
diameter and above are the least likely to fail of all those within 30m of buildings. Tier 3
pipes may still be subject to decommissioning where a cost benefit analysis justifies this.
As with Tier 2 pipes this policy means that there will be Tier 3 pipes within 30m of
property post IMRP.

Post 2032 Polyethylene (PE) mains will represent the largest population within 30m of
property with a variety of jointing techniques and a significant range of ages. The
remaining mains population, circa 10% throughout the network, will be metallic
consisting of steel and a range of iron (cast, spun and ductile) at diameters from 2 to
48", It is vital the background leakage position for these metallic mains, and more
specifically their joints, are understood as they will still represent the highest network
risk. A small sample of joint types is provided below which is by no means exhaustive.

ThiPE - OAS -~ ==asTMm pesy2
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District governors and service governors

Pressure differentials between different pressure tiers, e.g. 7bar to 2bar or 2bar to low
pressure (typically 40 to 50mbar), are provided using a range of pressure reduction
equipment in both above and below ground applications. The following examples are
provided.

C.2.2. The asset selection process

The most significant asset group in terms of quantity, variability and risk within GDNs
are the mains (pipes) in the ground and their associated range of joints and repairs. An
extensive process of selection was used for these assets. Other assets, for example
valves, fittings, connections, governors, were selected based on either:

e The identified sizes to test, i.e. valves, repair methods etc. The project will pre-
dominantly be testing those which have the same diameter to the mains for ease of
testing application.

e Quantities of assets, e.g. the most common district governor configurations.

e Operational experience to identify a range of appropriate fittings, repair techniques
and ‘ad hoc’ assets which could be considered high risk.

The extensive number of mains across the GB gas distribution networks of varying types
and sizes with a variety of different jointing techniques make selecting an all-inclusive
range to test challenging on such a limited budget. This H21 NIC with its £15m budget
contrasts to a circa £40m budget for the leakage tests undertaken by British Gas
throughout the 1990s. However, the GB GDNs have well established risk management
methodologies developed and adapted over decades for identification of risk. They also
have extensive asset records including leakage histories, material type, diameter,
distance to building etc. coupled with extensive operation experience managing these
assets.

Selection of mains and joints to test

To understand the background leakage position of the GB gas distribution network on
day one of conversion to 100% hydrogen it is essential that tests are undertaken on a
range of iron, PE and steel pipes of varying diameters and joint types. This will provide
quantified evidence of the difference between hydrogen and natural gas and will help
inform some of the tests in Phase 1B - Consequence testing, and will also allow
extrapolation of results across the asset range.

If a policy decision was made to incrementally convert the UK gas network to 100%
hydrogen it is unlikely that such a conversion would begin before the late 2020s.
Furthermore, most conversion, due to the incremental nature, would be undertaken post
completion of the IMRP in 2032. As such it is reasonable to design an asset testing
regime which focuses on assets which will be in place post the IMRP. Since the 1970s
almost all distribution mains replaced under business as usual and as part of the IMRP
will have been with PE.

Post 2032, PE mains represent the largest population within 30m of property so a
selection of these will be tested. However, there is already established evidence of PE’s
compatibility with 100% hydrogen and the jointing system is effectively a welded system
providing a continuous permanent seal. The remaining metallic mains population is the
highest risk for a change in background leakage levels due to its age and the mechanical
nature of joining techniques. Circa 10% will still be metallic consisting of steel and a
range of iron (cast, spun and ductile) at Tier 1, 2, and 3 diameters. It is vital the
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background leakage positions for these metallic mains and joints are comprehensively
understood.

To determine an appropriate range of mains (and joint types) to test which would give
credible results acceptable to all stakeholders three independent selection methods were
used and then compared to produce a definitive list. The methods were:

e Operational experience.
e Analytical modelling utilising leakage data.
e Analytical modelling utilising risk data.

Method 1: Operational experience

The GB GDNs hold data relating to pipes and fittings in their respective asset
repositories, e.g. SAP for NGN. This list of data was obtained for NGN mains and
provided the following data; Pipe material types, pipe joint types, leaking component
types, leakage causes and leakage corrective actions.

Led by a highly experienced Operational Manager, this list was reviewed by operational
colleagues with over 250 years combined experience. As the range of pipe diameters in
each material and joint type is extensive the sizes to be tested were selected based on
leakage information from work records held against equipment in NGNs asset repository
and the experience of the operational colleagues.

Method 2: Leakage data analysis

Led by a highly experience network analyst the SAP base leakage data from NGNs repair
records for the period starting 2006 and ending 2015 was extracted and analysed. This
was merged with a SAP extract of mains data which allowed the joint type to be added
to the leakage data to create a master data spreadsheet in Excel. This merged table
therefore contained data relating leakage cause to mains diameter, material, length and
joint type plus additional data such as date of repair, gas in buildings etc.

The leakage data on its own provides an incomplete picture in that populations which
have the greatest lengths may have the largest leakage totals but may not represent the
mains with the highest/km leakage which is the useful metric. Therefore, the data was
combined to provide a leaks/km figure for each material/diameter/joint combination.

Method 3: Mains risk score

Every metallic main within 30m of property has a risk score which provides an absolute
value of the risk of an incident arising from the main. Factors which combine to produce
the risk score include leakage history for the main, proximity to property, risk of mains
fracture or corrosion, properties bordering the main are cellared and the background
breakage history for mains in the adjacent area. All the GDNs use the mains risk scores
to create projects suitable for the economic replacement of mains under the IMRP.

This selection method utilises the risk score to determine which mains combinations
should be selected for testing by material and diameter only. Joint type will be indirectly
reflected in the leakage history but will not be shown in the selections. Joint type is a
primary focus of selection for the previous two selection methods.

As with the leakage data the risk data on its own provides an incomplete picture in that
mains populations with longer lengths could have very low risk scores individually but
could score artificially high collectively. Additionally, just considering an average risk
could highlight very short lengths of mains with very high-risk scores artificially scoring
high.

Following an initial assessment, a range of data analysis was undertaken to allow a
variety of prevailing risk drivers to take precedence. These were then ranked, e.g. the
top scoring risk main was number one, for a range of driving factors (e.g. average risk
score). Finally, these ranks were added together to give an overall picture of the top risk
mains as selected by different risk driving factors.

In addition to the NGN data the same analytical process was applied to data supplied by
Cadent for their four Local Distribution Zones (LDZs) and a respective final ranking table
was produced comparing the NGN and Cadent data.
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Final mains selection

Following completion of the three methods of mains selection the results were then
compared to produce a definitive set of mains/joints to test. This selection was then
presented to all Project Partners and collaborating GDNs at a workshop held at the HSL
site in Buxton. This ensured consensus in the approach and the final selection of
mains/joints to test.

The final selection covers a range of Tier 1, 2 and 3 iron mains and a range of steel with
varying types of joints and a range of PE of varying sizes and ages. Additionally, test
samples, i.e. number of representative samples to test, were determined based on
availability of the assets, i.e. Tier 1 would be readily available through the IMRP and
would be the cheapest to extract, Tier 2 and 3 mains may require specific projects
outside business as usual.

In addition to metallic mains, a sample of PE mains to test some more obscure mains
have also been included if they are believed to have sufficient quantities and associated
risk. An example of this would be mains which have been rehabilitated through phoenix
and paltem lining. This technique was employed in the 1980s and involved inserting a
thin liner into a host pipe and sufficient quantities will remain (based on current
replacement methodology) to justify a test.

C.2.3. Master Testing Plan (MTP)

The MTP is being evolved as part of the ‘H21 Keighley & Spadeadam Designs’ NIA. The
MTP details the specific testing requirement and methodology for each of the removed
assets. It is being designed to ensure that the tests undertaken cover the required areas
and solve the problem statement. The MTP is being designed in conjunction with the HSL
lead technical scientists and will be independently reviewed by DNV GL to ensure
consensus of approach.

To date a significant amount of development of the MTP has already been undertaken
and it is likely that a range of static pressure tests (predominantly focusing on Low
Pressure (LP) but including some Medium Pressure (MP) and Intermediate Pressure (IP))
and flow tests to obtain quantifiable differentials in background leakage position will be
undertaken across the mains asset range.

Fittings and valves will be tested by installing/attaching them to a selected number of
mains and/or by building of service type systems for specific tests. To test the
effectiveness of repair techniques a selection of the mains excavated will have leaks
simulated though joint manipulation and drilling of specific holes. These will then be
repaired using a range of techniques to confirm the effectiveness of the repair on 100%
hydrogen.

Finally, a select sample of district governors and service governors will be tested to
confirm operability and leakage differential between natural gas and 100% hydrogen.

C.2.4. Buxton preliminary design

The ‘H21 Keighley & Spadeadam Designs’ NIA project was developed to determine the
specific test and site requirements for upfront site design works for both background
testing and consequence testing which will ensure the NIC can be quickly and effectively
executed subject to successful award. If the NIC bid is unsuccessful this NIA is still a
significant contributor to the H21 roadmap allowing network operators to understand the
experimental testing and design build requirements which will be needed to fully
understand the impact of hydrogen conversion on their assets.

The initial screening document for the H21 NIC recommended Keighley as the site
selected for background testing. This NIA established Buxton as the preferred site based
on multiple factors. These included its remoteness (for public safety), the HSL's previous
experience of working with hydrogen, the ongoing costs and security of the site and
proposed availability as an ongoing asset test facility site for the gas industry after the
completion of the Project.
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Facility requirements

The background testing facility will be split in to three areas. Area one being an
appropriately designed storage/set down area for the removed and delivered network
assets (mains, repairs, valves etc.). Area two will be for storage of gas governors, the
range of appropriate repair assets and testing facilitation materials, e.g. flexible hoses,
gauges and cap ends. Area three will be the testing area where operational tests on each
asset will be carried out. This area will include the testing bays, control room, and
hydrogen/natural gas delivery and storage facilities.

It is proposed to design a suitable test facility by creating four test beds for the
recovered buried assets. The four test beds will be based on:

e Tier 1 - Iron and steel pipes with nhominal diameters 8”/200mm and less.

e Tier 2 — Iron and steel pipes with nominal diameters greater than 8”/200mm but
less than 18”/450mm.

e Tier 3 - Iron and steel pipes with nominal diameters of 18”/450mm or greater - up
to 48" for Cadent assets.

e District governor testing and services connections and fittings.

The facility will be designed to enable testing for the different sizes, materials and
equipment type of each of the mains tier ranges. Each of the assets will be of different
diameters and lengths and the design of the connection between the hydrogen or natural
gas supply used for the test and the asset on test would likely be via a flexible hose.

To ensure tests are not adversely affected by weather conditions a suitable cover will be
included, which will enable more consistent results and limit the environmental effects
on the measurements for gas release. The facility is being designed with a minimum ten-
year lifetime to ensure value for money for gas customers with the ongoing ability to
undertake additional tests as required in the medium term, e.g. by specialist equipment
manufacturers. The additional cost is considered marginal for a more permanent facility
and the HSL have agreed, in principle, a reduced ongoing rate for testing by the GB gas
industry in recognition of the asset onsite.
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As with any construction site design the ongoing safe operation of the site post
construction is a critical requirement in the design process. This is developed by detailed
hazard and operability (HAZOP) studies. Gas network assets are typically very heavy and
are therefore difficult to move due to weight and size. A suitable lifting system will be
developed to move the assets in to place from a storage facility to the test rig and vice-
versa. A well-designed facility is considered critical to ensuring testing time is kept to a
minimum to reduce cost onsite through reduced staff time and to ensure ongoing safe
operation of the site whilst moving heavy assets into place.

Above ground governors will be tested both outside and within kiosks to determine both
operational functionality and differential leakage between 100% hydrogen and natural
gas. Other key design considerations include:

Gases supply: The facility at Buxton will be designed for both a hydrogen and natural
gas supply to compare the differences between the two gases, with easy and safe
transition between the two gases. There is currently no hydrogen onsite and so an
adequate supply for testing will need to be brought in (see Section C.7). The type of
onsite storage will be dependent on the volumes to be used. For smaller volumes, a
bottle bank will be sufficient but for large volumes a tube trailer will be required. The
volumes will be confirmed in the conceptual design stage and the detail design will
include a suitable storage facility for the gases required for testing.

Control Room: A new control/monitoring room will be built within close proximity of the
test facility. The control room will also house the control, test, monitoring and recording
equipment for the site. The equipment required will be determined in the conceptual
stage with the HSL.

Instrumentation: To enable the correct measurement of the results, the
instrumentation for monitoring pressure, temperature and gas release will be designed
by consultation between the H21 project team, the HSL and DNV GL to ensure that what
is measured is appropriate to solve the purpose of the test.
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Design process: The design will be undertaken by a designer with experience of
working on natural gas facilities. In line with industry practice, the design will undergo a
HAZOP when the detailed design is approximately 60% complete. Whilst the facility is
not a live gas network, the design will be undertaken in the spirit of the gas industries
established GL5/G17 process to provide an appropriate level of design assurance.
Additional assurance requirements for the use of hydrogen will be supplied by Project
Partners and the wider industry, e.g. the potential hydrogen suppliers. The design
assurance will be conducted by DNV GL.

C.3. Phase 1B - Consequence testing (Spadeadam)

A strategic set of tests are being designed to allow quantification of risk associated with
background leakage as determined in Phase 1A, failure leakage (for example mains
fracture, 3™ party damage) and operational response, e.g. repairing leaks. This means
establishing what the consequence of leaking hydrogen will be for different scenarios
with different leakage rates and potential sources of ignition when compared to natural
gas.

The master testing plan at Spadeadam is being developed based on decades of gas
industry experience in destructive/consequence testing. This has drawn extensively on
the unique expertise and extensive background which DNV GL can uniquely provide. Due
to this expertise, tests at Spadeadam will only be undertaken using hydrogen. The
equivalent tests on natural gas have already been undertaken throughout the sites
history.

The tests at Spadeadam will involve development of new testing areas and utilisation of
existing testing facilities. Tests will then be undertaken which will confirm the ground
and air concentration levels associated with a range of hydrogen leaks, quantify the
consequences of those leaks and determine the applicability of existing repair methods.
Following testing, the well-established mathematical models for natural gas leakage, and
consequences that form part of the FROST computer package, will be developed and
modified for use with hydrogen before a final quantitative risk analysis. The following
Sections provide more detail on these specific areas.

C.4. Spadeadam site benefits

The Spadeadam site has experience of extensive testing of this nature meaning it has
assets and experience which are being leveraged to ensure value for money as part of
the H21 NIC. These include:

Staff experience: Design and conduct of the experiments to provide the validation data
for the existing natural gas models was predominantly conducted at Spadeadam. The
staff of DNV GL have extensive knowledge, expertise and experience related to this
experimental programme.

Site experience: Experience of recent similar test programmes, e.g.
e Investigating the above ground flammable limits from underground releases of
natural gas in pressure ranges up to 40bar.

e Investigating the gas accumulation and explosion hazards associated with the
storage of high pressure hydrogen in automotive filling stations.

¢ Investigating dosing the existing natural gas supply with 20% hydrogen.

Existing facilities: As well as new building works, existing assets onsite will be utilised

for the tests reducing overall cost. These include high pressure gas storage, existing test

beds/assets and the extensive data acquisition systems required for the collation of data

from the large volumes of instruments required to measure dispersion, accumulation and

other process variables in experiments.
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C.4.1. Development of the MTP
Currently risks associated with a gas releases from the pipeline network are quantified
using a set of linked models to predict the following:

e The outflow of the gas.

e The dispersal and tracking of the gas if subsurface, either to the surface or into
buildings.

e How it disperses or accumulates in the atmosphere.

e The likelihood of ignition if a flammable mixture is predicted.

e Explosion overpressure and thermal radiation from an ignited mixture.

e Response of buildings and structures from the fire/explosion.

e The probability of casualties from the fire/explosion/building collapse.

Some of these models are phenomenological and use an understanding of the
engineering, physical and chemical formulae to model properties of the gas leak. Others
are empirical and based on experimental and incident data. The models have been
shown to be suitable within their scope of validation for natural gas releases against full
scale experimentation and statistical analysis performed by DNV GL over the past 30
years. The introduction of hydrogen in place of natural gas takes the models outside
their validated scope. The principles of the models are shown schematically in the
following flowchart.
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model

Outflow, Gas detection
Pipe fracture tracking and Gas build-up ' Potentially __ ' . !
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In terms of the consequences of a network release of hydrogen, it is necessary to
quantify the overall risk from a release, and whether this risk is increased or decreased
when compared to natural gas. To this end, hydrogen experiments will be conducted to
validate the risk model for a 100% hydrogen network. Some elements of the risk model
are likely to remain valid. For example, it can be assumed that the failure modes of the
components of the network will be largely unchanged as it is not considered that
hydrogen introduces new failure mechanisms, particularly for PE pipes and components
at below 7bar. The most common cause of loss of containment on the PE pipes is
substandard joint fusion which is unlikely to be affected by the introduction of hydrogen.
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An overview of the current knowledge positions for each model and the proposed action
to achieve a natural gas level knowledge position is shown in the following table. In
cases where validation data is needed to prove the respective models perform well for
hydrogen, it is likely that modifications to the models will be required to accommodate
the different behaviour compared to natural gas. These modifications are contained
within the scope of the analysis and modelling work package led by DNV GL and
supported by the HSL. This base assessment is being used to develop the MTP.

Comparison of model positions

Natural
Model gas Hvodsritt)i%in Action
position P
Release rates Known Predictable Need validation
Tracking/migration Known Same Need validation
mechanisms
Accumulation Known Some data Expand Knowledge
Dispersion/flammability Known Likely lower risk Validate
Ignition Known Assumed worse Need data
Thermal radiation Known Some data Need specific data for
representative scales
Explosion Known Potentially more Need data
severe
Noise Known Potentially more Obtain noise data
severe
QRA Known Same routines Use above and check

C.4.2. Spadeadam facility requirements

As with Phase 1A - Background testing, an MTP is being developed to satisfy the
required measurements for a set of experimental variables. Throughout the experimental
programme, modelling of release scenarios will be conducted to help design the most
effective programme of experiments. This integrated approach will assist in the model
validation process by quickly identifying where models do not give satisfactory results.

The Spadeadam MTP and site design is being developed as part of the ‘H21 Keighley &
Spadeadam Designs’ NIA. The sites objectives include:

e  Quantify risk of operating a 100% hydrogen network and compare and contrast with
that of a natural gas network.

¢ Revalidate existing natural gas models for quantitative risk assessment of 100%
hydrogen network operation.

e Obtain practical experience of operating 100% hydrogen network components at full
scale in a safe and secure environment.

The following test descriptions explain the site-specific tests and facilities which will be
used to achieve the objectives. The locations of these tests/test areas are identified on
the site area map in Section C4.3.
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Hydrogen delivery: All the experiments/tests require hydrogen to be released to
atmosphere through various geometries at specified pressures and flow rates. To save
on duplication of control systems DNV GL will design and build a mobile pressure
control/metering skid capable of taking hydrogen feeds from cylinder packs and high-
pressure reservoirs alike and controlling the flow through several streams of varying size
complete with flow metering instrumentation. This will allow low and high flow rates to
be accommodated at all the facilities described in the coming sections. The following
schematic shows a concept sketch of a pressure control and metering skid.

PCV
Meter PCV To

Experiment
I+ Facility

FromH,
Supply

Positive Positive

Isolation Meter PCV Isolation

Hydrogen can be supplied to the skid from either a cylinder pack, road trailer or gas
storage reservoir at pressures up to 150bar. Using a combination of the 8", 4” and 1”
Nominal Bore (NB) streams, all foreseeable flow rates can be supplied when used in
conjunction with a variable supply pressure. After the completion of this experimental
programme, this metering and control skid will form part of the maintained facilities
available for gas testing by the gas industry. The skid will equally well accept natural gas
or other gas mixtures.

Tracking, migration and accumulation facility: To accommodate the required
experiments to verify the tracking, migration and accumulation of hydrogen, a facility
will be developed on the Test Site West (TSW) area of the Spadeadam site. This facility
will consist of a flattened, hardcore area measuring nominally 50m?2. Onto this area a
mock-up of a standard service installation will be built in a domestic street setting. The
following figure shows a design concept for this facility. Hydrogen supply to this facility
will be via cylinder pack or road tanker trailer through the flow control/metering skid.
The design is intended to be entirely customisable such that different configurations of
service pipe, release location and building entry configuration can be investigated. The
domestic street setting will include a minimum of two houses of differing building types
(e.g. cellar versus no cellar, airtightness) and above and below ground governor kiosks
for investigation of gas accumulation in network enclosures. DNV GL will contribute to
the cost of construction of this facility, specifically the houses.
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Adjacent to the 50m hardcore area for the migration, tracking and accumulation test
facility, a small control building will be constructed to house the various data acquisition
systems, gas analysers and personnel deployed on each experiment.

Ignition facility: Ignition potential testing of equipment and components will be
conducted in an existing explosion chamber as shown below. Many ignition tests on
various equipment/circuitry can be performed using this smaller chamber. During the
last three decades, DNV GL has performed an extensive range of ignition tests on
various equipment (mobile telephones, PDA'’s, battery operated tools, cameras and a
host of domestic equipment, e.g. refrigerator compressors). These tests were conducted
with ethylene and natural gas. The minimum ignition energy for hydrogen is
approximately /s that of ethylene and many times lower than that of natural gas. To
accommodate hydrogen, tests need only be performed on equipment and circuitry which
has been shown not to provide enough spark energy to ignite natural gas or ethylene.

Expi CeEl O TEdlET paned

WIEWING WIndow
L ar
gas

Explosion facility: An existing explosion facility on the TSW area of Spadeadam will be
used to test the explosion consequences from gas accumulation in enclosures and
buildings. This facility has been used to perform large vapour cloud explosions over the
last eight years. And these tests will be executed utilising the hydrogen metering and
control skid alongside the existing instrumentation, gas mixing and analysis systems
already in place on this facility.

Dispersion and thermal radiation facility: Dispersion and thermal radiation data can
be gathered using an existing facility where natural gas releases are normally conducted.
In this facility, releases of hydrogen can be conducted at pressures up to 150bar and
hole sizes up to 150mm diameter either above or below ground. This will allow for all
possible scenarios for pipes up to 150mm in diameter to be simulated at full scale,
including a full-bore rupture. Larger releases can also be accommodated by modification
of supply pipework. A large, high pressure storage reservoir is available to store
sufficient quantities of hydrogen for longer duration run times. Supply of hydrogen to the
leakage source will be from the HP store via the mobile flow control and metering skid.

This facility includes a large, open, flat area on which dispersion or thermal radiation
instrumentation can be deployed to measure the results of each experiment. Spadeadam
has an array of Schmidt-Boelter type thermal radiation sensors and the ability to
calibrate them onsite for each experimental programme in a black body furnace. Large
scale measurements of gas dispersion are most cost effectively measured using oxygen
depletion methods by interpretation of the signals recorded for oxygen sensors
throughout experiments. This facility will also be used to measure the overpressure
generated in the case of a delayed ignition hydrogen release by use of dynamic over-
pressure sensors.

Longevity

All the modifications and additions to the Spadeadam site will provide a valuable testing
and experimentation facility for GB GDNs operators and others for the foreseeable
future. The facilities are all intended to be used with other gases and are over-designed
for pressure to allow for future higher-pressure experimentation to be carried out. DNV
GL will commit to the maintenance of these facilities for a period of five years after the
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completion of the experimental work packages. This means that further experimental
programmes involving the sites can be conducted at considerably lower cost than if the
facility needed to be built specifically. After completion of the initial experimental
programme, it may be possible to utilise some of the facilities for the training of network
operation personnel. Beyond the five-year period, costs to reinstate any of the facilities
would be kept to a minimum.

C.4.3. Site layout
A satellite photograph of the DNV GL Spadeadam Testing and Research Centre is shown
below detailing the general site layout and locations of the tests as described above:

DNV GL

Lord Cullen Training
Centre

Consequence Testing: Consequence

« Tracking/Migration Testing:
e Accumulation

\ Consequence Testing:
\ » Ignition Potential

e Explosion

e Dispersion
e Thermal Radiation

C.5. Phase 2 - Field trials

Ultimately, to provide conclusive comparative safety based evidence for a 100%
hydrogen conversion, field trials will be essential. These field trials will be undertaken on
in-situ mains, the purpose of which is to confirm the results of the evidence gathered in
Phase 1A, confirm the accuracy of the developed computer modelling package from
Phase 1B and to evidence operational practices on a mains network.

It is important to note these tests will not be undertaken downstream of the meter and
will not affect customers gas supply. Extensive liaison with Local Authorities, as well as a
comprehensive customer engagement plan will be required. The H21 NIC team have
already been working with Leeds City Council to identify suitable areas where trials can
be conducted on abandoned gas network assets prior to any conversion to a network or
appliances in customers property.

C.5.1. Why field trials are important

As with all controlled testing, definitive assessment can only be corroborated with in-situ
testing. All H21 NIC Partners agree that in-situ testing is essential to solve the problem
statement and provide the final evidence requirement. The field trials will confirm the
results of the controlled testing undertaken in Phases 1A and 1B, i.e. that the results
obtained and modelled in controlled conditions could be used to accurately predict and
certify field conditions. Additionally, field trials will provide comprehensive evidence
which will ultimately allow a live trial of 100% hydrogen involving both the network and
the customer’s appliances (note live trials with customers are not part of this H21 NIC).

Field trials could not be undertaken in the absence of controlled testing (Phases 1A and
1B). The safety case would not be in place and stakeholders and/or the GDNs could not
have confidence that such trials could be managed safely. Furthermore, obtaining
detailed measurement which could be subsequently used for quantitative risk
assessment and modelling development by which to extrapolate results could not be
undertaken in field trial conditions. The equipment required, controlled environment and
range of assets would not be available.
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In support of a future policy decision to incrementally convert the UK gas network to
100% hydrogen small live trials involving both the network and end user customers
(appliances) will be essential. These trials are not part of the H21 NIC or the BEIS
programme but the two programmes, when combined, will provide the evidence and
safety case to progress to live trails. The original conversion from town gas to natural
gas involved conversion of Canvey Island and Burton-on-Trent prior to any policy
decision. This served two significant purposes. Firstly, it allowed the gas industry to
understand the logistical challenges associated with conversion of appliances and
equipment which also helped confirm conversion cost and timeline estimates. Secondly,
it provided government with the consumer acceptability evidence required to provide
confidence that a policy decision would be positively accepted, in the main, by the British
public.

Following the H21 NIC and BEIS programmes, progression to a live trial will require

agreement and confidence across multiple stakeholders. The key stakeholders will

include the following:

¢ The customers - In areas identified for live trials customers would need absolute
confidence that such a trial was safe. This would be provided by the H21 NIC
specifically focusing on the field trials and by the BEIS programme.

e Ofgem - To undertake live trials the regulator would need to be confident that such
trials were safe. This would be provided by the H21 NIC specifically focusing on the
field trials and by the BEIS programme.

e The GB GDNs - The GB GDNs are entirely responsible for the safety case to
transport natural gas. In a live trail, involving a real part of the distribution network,
the GB GDNs would be responsible for the safety case for the 100% hydrogen trial
within the network. To do this the network asset directors would need to be
confident that the QRA, modelling and operational procedures were comprehensive
and accurate. The asset directors agree that this could only be achieved through in-
situ tests to corroborate results and gain some practical experience without
impacting customers.

e The Health & Safety Executive (HSE) would need to be convinced that the safety
case to progress with 100% hydrogen live trials is robust. These field trials provide
the definitive evidence coupled with the BEIS programme of work.

C.5.2. Work to date and what is involved.

The H21 NIC team have been working closely with the West Yorkshire Combined
Authority to identify demolished/derelict sites where mains networks still exist (see
letters of support Appendix J). Derelict/demolished sites have been identified as the
most suitable for field trials as the network assets still exist but will have been isolated
from the network and do not impact end use customers. Using these types of sites will
ensure minimal customer impact and a safe, yet still provide a ‘real-life’, environment for
carrying out field trials.

Final site identification and subsequent design/enabling work will be undertaken
throughout 2018 in preparation for the field trials in 2019. To date several sites have
been identified and assessed against the parameters identified in Section 2. Ultimately,
the site selected for field trials will represent the best value for money in terms of cost,
range of assets available, surrounding land use and level of customer impact. The
selected site will be provided to the H21 NIC project under legal agreement between the
council and the GB GDNs.

Prior to progression to Phase 2 the H21 NIC must pass a critical stage gate. The Project
Steering Committee (see Section 6, Governance) will only permit the Project to proceed
if the results of Phases 1A and 1B provide credible evidence that there are no clear ‘show
stoppers’ regarding 100% hydrogen gas grid conversion, i.e. that the QRA indicates the
risk is manageable and, furthermore, that field trials will be safe.
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Two examples of demolished/derelict sites identified to date are provided below:

As identified in the programme gantt chart the in-situ tests will require extensive
enabling works to ensure mains soundness in addition to development of the temporary
works design. During the tests, the sites will be fully isolated and made secure to ensure
the sites can be managed within the safe control of operations parameters typically
adopted by the gas industry. Measurement systems will be installed across the sites to
obtain results which will be referenced against the predicted outcomes generated via the
computer simulation modelling developed as part of Phase 1A and 1B. A district governor
will be used to control hydrogen delivered to site confirming its operability. Finally,
operational procedures will be carried out to repair hydrogen leaks, perform flow
stopping and make new connections as part of the field trial confirming the network can
be maintained safely under 100% hydrogen conditions. An extensive customer liaison
programme will be developed for the chosen site for any customers in the surrounding
area. Costs for the field trials have been estimated based on a breakdown of activities
and cross referenced against typical gas industry activities and expert review.
Contractors to undertake the site works will be engaged via either competitive tender or
utilising existing GDN framework agreements.

C.6. Analysis and model development

The overriding objective of the Project is to provide the compelling safety based evidence
for a 100% hydrogen conversion in the GB gas distribution networks; specifically, that
the pipes and equipment in 2032 (i.e. following completion of the IMRP) will be as safe
operating on either 100% hydrogen or natural gas. As part of this objective, a
comparative QRA is required which can be used to evaluate the difference in safety risk
to the public associated with supplying 100% hydrogen versus natural gas. The
assessment will reflect both the layout of the existing distribution network within the
selected isolation zone and the hazard assessment findings from the full-scale field trials
conducted as part of the wider project. The risks calculated will cover the network up-
stream of the meter only, i.e. the network up to and including the Energy Control Valve
(ECV). Furthermore, an evaluation will be made of the risk posed by a 100% hydrogen
gas network against a range of other options, to put the overall risks into context as well
as comparing risk levels with other external risks faced by the public day-to-day.

C.6.1. QOutline scope of work

The QRA is the process of obtaining a humerical estimate of risk by quantitatively
estimating the likelihood of occurrence of specific undesirable events (the realisation of
identified hazards) and the severity of the harm or damage caused, together with a
value judgement concerning the significance of the results. The process of carrying out a
QRA study for the supply of 100% hydrogen through the distribution network will result
in an improved understanding of the level and significance of risks compared against
those associated with the current supply of natural gas. This will inform decisions
regarding the suitability of the network for hydrogen use and will also provide important
information relating to the implementation of appropriate risk control and reduction
measures.
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The QRA will address the safety risks to the public (100% hydrogen versus natural gas)
from leakage resulting from both normal operation of the network (e.g. component
leakage) and 3™ party accidental interference (e.g. impact during construction work).
The QRA will require the existing natural gas distribution QRA model to be modified first,
to enable the necessary calculations to be performed for hydrogen. It is planned that this
will be performed in stages to include:

Part A: Information gathering

e Literature review to identify existing knowledge to modify natural gas QRA model for
hydrogen.

o Identification of hazards and scenarios pertinent to hydrogen transportation
highlighting key differences from natural gas.

Part B: Preliminary QRA model for hydrogen and gap analysis

e Evaluation of modules and logic in natural gas QRA model to specify where changes
may be required to reflect hydrogen service, including:
a) Failure mode and frequency for pipelines and components.

b) Gas release rate calculation (in-ground gas releases and releases direct to
atmosphere).

c) For gas releases direct to atmosphere — extent of gas dispersion in the
atmosphere, probability of ignition (immediate or delayed) and fire hazards.

d) Forin-ground releases - extent of gas migration through the ground under
different conditions, potential for gas ingress into buildings, build-up to flammable
concentrations, detectability, ignition (immediate or delayed) and explosion
hazards and their potential effects, potential for distributed fires due to gas
migration to the surface.

e) The possibility of explosion hazards arising from unconfined hydrogen releases or
releases into confined or congested regions of above-ground installations will also
be considered for possible inclusion in the model.

¢ Modify existing QRA models and logic for hydrogen using existing knowledge or
judgement.

Part C: Preliminary risk analysis and risk evaluation

e Definition of network parameters for QRA, including pressures, pipeline sizes,
proximities, etc., based on the original H21 Leeds City Gate area.

e Estimation of risk (combining likelihood and consequences), applying judgement and
cautious assumptions to identify the key areas of sensitivity and uncertainty that
impact on risk.

e Preliminary evaluation of significance of initial risk results (comparison of hydrogen
versus natural gas, comparison against risk tolerability criteria, evaluation of risk
reduction options, etc.).

e Specification of experiments and model development required to address key
uncertainties.

Part D: Refine QRA model and risk results for hydrogen and consider mitigation

options

e Evaluation of data from Phase 1A and 1B and validation/modification of hydrogen
QRA models and methodology as appropriate in the light of the results.

e Revised estimation of risk (combining likelihood and consequences), using the newly
developed hydrogen QRA methodology and evaluate significance of risk results
(comparison of hydrogen versus natural gas and risk tolerability versus criteria).

o Identify options and effectiveness of measures for risk reduction in the light of the
refined results.
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Part E: Extrapolation of QRA Results across GDNs

e Survey of GDNs to establish the appropriate network parameters to allow the risk
results for the H21 Leeds City Gate area to be extrapolated across the whole of the
GB gas distribution networks.

e Estimation of societal risk for the whole of the GB gas distribution networks for both
natural gas and 100% hydrogen (with mitigation options applied if required) for
direct comparison.

Part F: Utilisation of QRA model to predict outcome of the field trials

e Using the FROST model to predict concentration levels of hydrogen within the Phase
2 - Field trials area based on known leaks, soil types and ground covering etc.

e Validation of predictions following the field trials work in Phase 2.

Part G: Comparison of hydrogen network with alternative energy supply options

e Literature review and data collection (e.g. accident statistics from internal and
external sources).

e Critical comparison of hydrogen versus natural gas risks (including health
effects/carbon monoxide poisoning).

e Critical comparison of hydrogen versus expanded electricity supply risks.

e Comparative review of overall safety and health risks associated with different
energy supply options, comparison of those risks against risk tolerability criteria for
the public (from UK HSE), and comparison against risk levels from other hazards
faced by the public daily. The objective of this final stage will be to put the overall
risk levels into context and into layman terms using graphical representations to
communicate the key findings.

Parts A to F will be led by DNV GL with extensive knowledge and expertise in relation to
the legacy gas industry data and risk methodologies, with support from ERM, who will
lead Part G.

C.7. Hydrogen supply options for H21 NIC

To ensure value for money for the trials a detailed review of the most appropriate
methods of hydrogen production has been undertaken. For the H21 NIC testing
programme the hydrogen supply costs will be dependent on hydrogen gas volume,
supply mode, purity/grade and time required for supply. Consideration has been taken of
the onsite logistics of supplying the hydrogen to the test site. With the aggressive
timeline for the proposed works, a reliable and cost-effective supply mode is critical for
the successful delivery of the Project.

The industrial grade hydrogen (typically >99.98%) supplied by any of the industrial gas
companies, e.g. BOC (member of the Linde Group), Air Products or Air Liquide, is of
adequate purity for the testing programme. The hydrogen in the UK comes from several
production methods including from by product, steam methane reforming and
electrolysis. Liquid hydrogen supply is available as well as compressed gas but this adds
additional costs not typically required except for very high demand applications and/or
high purity specification requirements.

Compressed hydrogen is available in a range of cylinders ranging from small portable
composite cylinders (e.g. BOC’s Genie) through to 40ft tube trailers. The unit price of the
gas decreases with volume purchased, though the monthly rental for the cylinder
increases with size. The following table gives indicative list prices for cylinder rental and
the cost of the hydrogen contained in the cylinder. Costs are dependent on supply
volume.
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el izl Approximate
. rental . - 3
Cylinder Volume Size/weight er Price price/m
type 9 mlca)nth range (excl.
(approx.) rental)
B steel 1.48m3 140mm diameter £6.90 £30 - £40 £23
x 850mm/16kg
G20 4.98m?3 20mm diameter x £14 £45 - £55 £10
composite 662mm/22kg
K Steel 7.21m?3 230mm diameter £10 £50- £65 £8
x 1,460mm/65kg
WK (MCP) 108.15m3 840 x 1290 x £180 £700 - £6.70
steel 1,810mm/1,500kg £750
Tube Circa 40ft trailer circa £1,500 £1,400 - £0.55
trailer 3,500m3 30t £2,400

For longer term applications with high volumes, the leasing of either onsite storage (that
is topped up on demand), or onsite production could be considered. However, for the
purposes of the H21 NIC programme this mode of supply is not cost effective.

In addition to the supply of the cylinders, consideration will be given to the local logistics
of getting the hydrogen from the cylinder to the test site. Single cylinders can be
wheeled around in a suitable trolley, whereas Multi Cylinder Pallets (MCPs) weigh around
1,500kg so require a fork lift truck, and finally trailers which require a tractor unit. A
regulator and local distribution pipework may also be the best solution for repeated
testing in one location, though this would need to be considered under the relevant
Regulations and Codes of Practice (e.g. PER 1999, PSSR 2000 and BCGA CP 4).
Depending on the final site design and testing programme an assessment will be made
of the most appropriate supply and distribution mode. Once the locations and test
programmes have been reviewed then further details, recommendations and price
negotiations with suppliers will commence.

C.8. Social science

Currently there is considerable uncertainty about how communities and individuals would
respond to the prospect of using 100% hydrogen in the GB gas distribution network and
potentially in their homes, businesses and vehicles, what barriers may exist and what
perceptions of hydrogen may already be in place. Furthermore, a great deal hinges on
how the core practices of cooking, heating and mobility would respond to the
introduction of hydrogen as a replacement for current fuels.

Despite hydrogen holding great potential, public perceptions of hydrogen are currently
only guessed at by the research and industry community. It is also well established in
research and applied contexts that public engagement with new technologies can be a
complex process in which outcomes are not always predictable. This is amplified yet
further where there are perceived to be possible risks to safety and where long-held
norms about the ‘look and feel’ of the materials of daily life are being challenged - both
of which may be true of hydrogen. If hydrogen is to play a role in the future energy
system then the ways in which members of the public understand it and how these
perceptions affect its integration in to everyday activities need to be determined.
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Research Aims

As part of the H21 NIC a programme of social science research will be funded to ensure

that some of these issues are confronted and new knowledge generated. This program of

work aims to:

e Generate insight into baseline public perceptions of the safety of hydrogen and other
energy technologies/vectors including how they vary by a range of socio-
demographic and geographic variables.

e Generate insight into how people respond to the possibility of using 100% hydrogen
in the three-key, gas-fuelled social practices (heating, cooking, travelling), including
how they vary by a range of socio-demographic and geographic variables.

e Understand how public perception of the safety of hydrogen evolves across the range
of socio-demographic and geographic variables when considering the H21 NIC
evidence.

e Build a hydrogen research network of social scientists across the UK who may then
become involved in the delivery of the proposed research activity or who may play
advisory roles in the development of a body of research, data and expertise around
the opportunities and challenges of hydrogen.

The programme of work will draw on the growing energy research literature on social
practices that has gained considerable traction in recent years in both academic and
policy communities through the work of Elizabeth Shove and others (Ropke and
Christensen, 2013; Shove, 2010, 2012; Shove et al., 2012; Shove and Walker, 2010).

This research will leverage the existing relationship and work to date undertaken for the
HyDeploy project led by Newcastle University. It is anticipated that relationships will be
developed across the academic landscape ensuring appropriate coverage across GB
GDNs. Ideally, connections will be made between academic institutions across the major
urban centres used to extrapolate the carbon and financial benefits as defined in
Appendix B.
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Appendix D. Project governance and organogram

Project management is provided by a multi-disciplined project team responsible for co-
ordinating the day-to-day operations of the Project. This will include management of
contractors and programme, coordinating and reporting to the Steering Committee,
acting upon decisions with relation to budget management, submitting requests for
milestone completion, sanctions to progress to subsequent project stages etc. Project
Board meetings of the participants will be held monthly. A summary of the proposed
management structure for the Project is shown in the following diagram.

Core H21 Team (Inc. SPM)

H21 Programme Director + Specialist Expertise

Phase 1A Phgse 2
Background I Field
testing I trials
Buxton I
HSL | Phase 1B GB GDN HSL/DNV GL
GB GDN ' Consequence
Site team/ ) PM team 2 support
PM team 1A Experimentd testing i
I Spadeadam
Si'f('a_\‘\t’egr';] ,  GBGDN PM
team 1B

Experimental

[ Modelling work and Quantitative Risk Analysis (DNV GL led) ]

Social sciences — Newcastle University led (see Appendix C.8)

The core team will be made up of a Senior Project Manager and commercial functions
reporting directly to the H21 Programme Director. They will be engaged via Northern
Gas Networks (NGNs) professional services framework and will produce monthly reports
summarising the progress of the Project in accordance to the standing agenda of the
Steering Committee. A copy of the monthly report will be circulated to each member of
the Steering Committee with the written notice for the relevant meeting by the Senior
Project Manager. All other sub-teams will report back to the Senior Project Manager who
will ensure appropriate communications are delivered throughout the Project

The GB Gas Distribution Networks (GDNs) team for Phase 1A will have a Buxton Project
Manager responsible for overseeing design, construction, facilitating the testing and
managing the budget for the Buxton sites. In addition, they will be responsible for co-
ordinating removal and delivery of network assets for testing.

The GB GDNs team for Phase 1B will have a Spadeadam Project Manager responsible for
overseeing design, construction, facilitating the testing and managing the budget for the
Spadeadam site. This Project Manager will also be responsible for delivery of the Phase 2
- Field trials design and enabling work.

The H21 Programme Director is accountable for the successful allocation of milestones
and allocation of stage funding under the NIC allowance.
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The Steering Committee will meet on a quarterly basis and comprises representatives
nominated by each of the collaborating GB GDNs and the primary Project Partners. The
Chair of the Steering Committee shall be the H21 Programme Director for NGN. Should
the Chair not be available they shall delegate to one of the other collaborating GDNs as
appropriate.

The role of the Steering Committee is to assure delivery of all the activities undertaken
on the Project to scope, time and budget and to provide overall direction of the work.
Members may participate via teleconference, video conference or other technological
means when necessary. Should a nominated member become unable to attend the
member may appoint an alternate. Any alternate attending for a period of more than two
months is to be approved by the Chair.

The Steering Committee shall provide assurance on:

e Safety and environmental management - incidents, lost time injuries, any breaches
of environmental controls etc.

e Progress against deliverables and plan — mitigation of issues arising, review of open
issues, sanction for closing open issues.

e Review of subsequent plans for coming six-month period and potential to accelerate
activities or manage issues arising.

e Evidence of project task completion and review of achievement of research
outcomes.

e Review progress against budget, risks register (proposed inclusion or removal of,
change in impact/probability), communications plan etc.

e Evidence of project milestone progression as appropriate.

Meetings of the Steering Committee will be convened with at least twenty-one days
written notice in advance. That notice must include a standing agenda and additional
agenda items on request of any project Partner. Minutes of the meetings of the Steering
Committee will be prepared by the Senior Project Manager and sent to each of the
parties within fourteen days after each meeting.

Each Steering Committee Partner will have one vote. Decisions will be taken by a simple
majority (in a tied vote, the H21 Programme Director will have a casting vote), except
where a decision necessitates a change to the Project plan or a change to the allocation
of any funding or change to any contribution. In any of those cases, any decision must
be unanimous and may only be made where the representatives of all the Partners are
present.

Contractual Arrangements: The GB GDNs have a well-developed and proven
collaboration agreement, which has formed the basis for three NIC projects to date. This
has been reviewed by the Project Partners and will form the basis for this project. A
summary of the proposed contractual arrangements is shown in the following diagram.

Ofgem

Project Direction

Cadent NGN SGN wwu GDN agreement

Collaboration Agreement/Site

DNV GL HSL Contracts with Primary

Other Test Gas MWC’s LA’s Professional

Partners Suppliers (Phase 2) Services Sub Contracts
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Impact |Likelihood| , Post-
Category Eoiccy [Risk Risk Description Impact of Risk (Lu:_:w S (Un_llkely Risk Mitigation Actions Impact|Likelihood| Risk
Phase | ID High) | to likely) 5 5
Rating Rating
1-5 1-5
Health & la Failure of the pressure system. Possible safety issues. 5 2 M [Testing and operating procedures |Incorporate knowledge 1 L
Safety land design approval by competent finto processes and
person and competent operatives. [include into any plans
and procedures.
Health & la Possibility of flammable build up under and above Safety issue. 5 5 Good knowledge of ground Incorporate knowledge 1 L
Safety iground dispersion from natural gas work |into processes and
land exclusion zones will be include in any plans
lenforced. Strict control of ignition |and procedures.
sources.
Health & la Possibility of flammable build up in kiosks. Safety issue. 5 5 Good knowledge of ground Incorporate knowledge 1 L
Safety dispersion from natural gas work |into processes and
and exclusion zones will be include into any plans
lenforced. Strict control of ignition |and procedures.
sources.
Health & 1b Hydrogen storage facilities failure. Possible safety issues. 5 2 M Designed by competent person, Following procedures 1 L
Safety testing and process procedures and inspection and
developed, safe control of monitoring.
operations.
Health & 1ib Failure of pressure system. Possible safety issues - 5 3 esting and operating procedures |Following procedures 1 L
Safety fatality. land design approval by competent |and approvals.
person and competent operatives.
Health & | 1a/b/2 Lack of necessary emergency response for site work. [Safety issue. 5 2 M ITest conducted in accordance with [Training of emergency 1 L
Safety site procedures. teams.
Health & | 1a/b/2 IConflict with other site activities. Safety issue. 5 2 M Close liaison with other site users |Following site 1 L
Safety land test exclusion zones. procedures.
Health & 2 Specifying appropriate equipment. Risk of mixing Mixing performance key 4 2 M Careful spec, full HAZOP and Following procedures 1 L
Safety hydrogen and natural gas. to safety of system. safety mechanisms built in and for operations.
[decommissioning of system
through NGN/PM/GL/5/G17
process.
Health & | 1a/b/2 Robustness of instrumentation. Safety risk if critical 3 2 M Use of approved and tested Ensure equipment is 1 L
Safety technologies do not lequipment. approved.
operate effectively.
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Impact |Likelihood| Post-
Category BrOTEEt] [RISK Risk Description Impact of Risk (Lu:_:w S (Un_llkely Risk Mitigation Actions Impact|Likelihood| Risk
Phase | ID High) | to likely) = =
Rating Rating
1-5 1-5
Health & | 1a/b/2 IConstruction/fabrication/installation. Safety issue. 5 3 Specific site procedures and risk  |Following site 1 L
Safety assessment operated in procedures and safe
accordance with site activities. control of operations
process.
Health & 2 Hydrogen storage and facilities failure. Possible safety issues. 5 3 Designed by competent person, Following procedures 1 L
Safety esting and process procedures and inspection and
developed, safe control of monitoring of facility.
operations.
Health & 2 IAccess to site, vandalism. Possible safety issues. 4 2 M Site protection processes in place. |Follow procedures and 1 L
Safety monitoring of site.
Health & 2 Risk of mixing hydrogen and natural gas. Safety issue. 5 3 Detailed process for /Adoption of safe 1 L
Safety commissioning and control operations.
[decommissioning.
Health & 2 Risk of hydrogen entering the adjacent gas network Safety issues. 5 2 M Detailed process for /Adoption of safe 1 L
Safety during trials. lcommissioning and control of operations
decommissioning of system. and approvals.
Technical la \Wrong selection and management of network asset Possible delays in 4 2 M Review of Master Testing Plan 1 L
fittings. testing programme. (MTP).
Technical la/b Suitable site design for the site and suitable location Site does not provide 5 3 Site designed and verified for the |All equipment is 1 L
land supply of hydrogen. the right process. esting regime including 3" party [approved.
review.
Technical la/b Suitable process in place to ensure that no gases are  [Mixture of hydrogen and 4 2 M Procedure developed with gas 1 L
mixed. natural gas. segregation policy in place.
Technical la Suitable design of lifting process is developed and Possible delay in testing 4 2 M ICareful spec, HAZOP and safety 1 L
ladopted to lift equipment and fittings around site. land safety risk. laspects built into the design and
managed through
NGN/PM/GL/5/G17 process.
Technical la Selection and purchasing of the correct instrumentation[Possible delay in testing 4 1 L ICareful spec, HAZOP and safety 1 L
land equipment monitoring and recording of tests i.e. [programme. laspects built into the design and
pressure, temperature, gas release and including video managed through
recording. NGN/PM/GL/5/G17 process.
Technical | 1la/b/2 IAppropriate number of tests completed to gain enough [Devalued deliverable. 4 3 M MTP developed in association with [Develop MTP prior to 1 L
laccurate data. Project Partners. project initiation.
Technical | 1a/b/2 Suitable type and amount of Lack of instrumentation 4 2 M IAgree appropriate amount of Detailed design. 1 L
instrumentation for monitoring the testing. = lack of data to instrumentation from design and
demonstrate network third-party review.
performance.

Page 81 of 98




ofgem

Impact

Likelihood

RIIO

NETWORK INNOVATION
COMPETITION

NIC‘

q q A Pre- Post-
Category BrOTEEt] [RISK Risk Description Impact of Risk (Lu:_:w S (Un_llkely Risk Mitigation Actions Impact|Likelihood| Risk
Phase | ID High) | to likely) = =
Rating Rating
1-5 1-5
Technical | 1a/b/2 \Variability in quality of test gases used. Incorrect data collected. 4 1 L Only use accredited suppliers. ITest gases before use. 3 1 L
Project la/b IAdverse weather affects project schedule. Costs/schedule. 4 2 M ISummer schedule for testing/fixed 2 1 L
priced.
Project la/b/2 \Variation in the cost of hydrogen/materials. Cost implication. 3 2 M Fixed price purchasing preferred. |Potential of more than 1 1 L
one supplier.
Project 2 Identification and authorisation for suitable field trial |Schedule and costs. 4 2 M \Working with Leeds City Council to|Close engagement 1 1 L
locations. find suitable sites. during the Project
stage.
Project 2 Poor collaboration on Project. Project schedule. 4 2 M IActive project management by Regular interaction on 1 1 L
Programme Director. Project at all levels.
Project la/b/2 Project delivery slippage. Impact on Project 4 2 M IActive project management for all 2 1 L
icompletion and laspects and regular project
milestones. updates.
Project la/b/2 Stakeholders not informed of project delivery. Impact on Project 3 3 M IActive stakeholder engagement, |Development of 2 1 L
lsuccess. regular Steering Group meetings |stakeholder
land stakeholder sessions. engagement strategy.
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Appendix G. Cost summary

The table below summarises the total costs for the three-year H21 NIC programme split

in line with the organogram presented in Appendix D. For a detailed breakdown of

activities see the gantt chart presented in Appendix E.

Work package Total

Core team

Project management — core team £2,298,540
Risk £176,436
Sub total £2,474,976
Phase 1a — Background testing (Buxton site)

Project management £797,340
Site activities £3,756,825
Risk £841,733
Sub total £5,395,898
Phase 1b — Consequence testing (Spadeadam)

Project management £403,860
Site activities £2,375,182
Risk £328,449
Sub total £3,107,491
Analysis and modelling

Analysis and modelling £974,632
Risk £141,856
Sub total £1,116,488
Phase 2 - Field trials

Project management £522,000
Site activities £1,844,415
Risk £296,979
Sub total £2,663,394
Dissemination of results

Dissemination of results £338,600
Risk £75,220
Sub total £413,820
Total including DNV GL £284,000 contribution £15,172,067
Total excluding DNV GL £284,000 contribution £14,888,067

These costs are associated entirely with delivery of the three-phase testing programme

Test phases NIC totals ISP totals
Phase 1a - Background testing sub total £6,511,113 £7,000,000
Phase 1b - Consequence testing sub total £3,734,448 £4,000,000
Phase 2 - Field trials sub total £4,926,506 £4,000,000
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Appendix H. Project Partners

H.1. Gas distribution networks

There are eight Gas Distributions Networks (GDNs), each of which covers a separate

geographical region of Great Britain. Across England, Scotland and Wales there are over

282,000km of gas pipes supplying over 21.5 million gas customers. These eight

networks are and managed the following companies:

e Northern Gas Networks Limited (NGN) - North East England (including Yorkshire and
Northern Cumbria).

e Cadent - West Midlands, North West, East of England and North London.
e Wales & West Utilities Limited (WWU) - Wales and South West England.
e SGN - Scotland and Southern England (including South London).

Dan Sadler: H21 Programme Director

A Chartered Engineer with 17 years industry experience. Dan started on British Gas’s
Graduate Training programme progressing to Project Manager for high pressure gas
pipelines and pressure reduction stations. In 2008, he joined Rhead Group, a
professional services consultancy, in the role of as Divisional Director for Energy (UK).
Dan joined NGN in 2012 as Head of Investment Planning and Major Projects following
supporting the network in their RIIO-GD1 regulatory submission.

After undertaking several highly strategic roles within NGN, Dan was seconded
throughout 2016 to the UK governments’ Department for Business, Energy and
Industrial Strategy (BEIS), advising across policy teams on all gas industry and wider
energy related topics. Dan was the originator and Project Manager of the high profile
H21 Leeds City Gate project. Since returning to NGN in 2017 he has taken up the role of
H21 Programme Director.

Damien Hawke: Future Networks Manager

A Chartered Engineer with over 17 years Gas Industry experience. Damien joined Cadent
and its predecessor companies as a Graduate Trainee in 2000 and has held numerous
positions across the group, specialising in operational and commercial leadership roles
and delivering significant change projects. He has a degree in Chemical Engineering from
the University of Leeds.

Ian Marshall: Green Gas Development Manager

Ian joined WWU in 2011 as a Graduate Engineer having recently completed a Master’s
Degree in Mechanical Engineering with a focus on sustainable energy systems at the
University of Southampton. After completing his 2-year Graduate Development
Programme Ian joined the <7bar Asset Management where he took on responsibility for
managing the WWU Shrinkage and Leakage model and the technical standards for gas
carrying assets. Ian also has an array of experience as Project Lead on many Network
Innovation Allowance funded innovation projects. Recently appointed to the System
Operations team as the Green Gas Development Manager Ian is now responsible for
promoting and developing the potential to utilise green and non-conventionally sourced
gases within the UK. As part of this role Ian has taken up position on the recently formed
IGEM Hydrogen and Gas Quality Working group and will be working with industry to
address the required changes to allow widespread adoption and deployment of green
and non-conventional gasses.

Colin Thompson: Investment Strategy Manager at SGN, based in Edinburgh

In his 27-year career in the gas industry Colin, a Chartered Engineer with the Institution
of Gas Engineers and Managers, has experience covering network infrastructure,
customer service, industry codes, commercial services and network strategy.

His primary role revolves around the future of the gas network to develop
unconventional gas distribution such as biomethane, where SGN have successfully
connected over 30 projects. As Chair of the Energy Networks Association Gas Futures
Group he works closely with the other gas networks to shape understanding and build
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acceptance of the role and importance of gas networks in delivering the integrated,
affordable, low carbon energy system that the UK economy and consumers need.

DNV GL

DNV GL is an independent organisation with dedicated technical and risk professionals in
more than 100 countries. DNV GLs purpose is to safeguard life, property and the
environment. Serving a range of industries, with a special focus on oil and gas sectors.
DNV GL has undertaken research and development for the UK gas industry for the past
forty years, a large part of this expertise came from the British Gas Research and
Development business.

DNV GL has a world-wide reputation for understanding and investigating hazards
associated with the energy and chemical processing industries and undertaking safety-
related product testing. Their knowledge is combined with well-established and validated
risk and consequence assessment techniques, to offer consultancy services to customers
supporting safe and cost-effective operations for a wide range of potentially hazardous
activities that they undertake.

DNV GL’s unique Spadeadam Testing and Research centre features some of the world’s
most advanced destructive and non-destructive test facilities.

Dr Mike Acton

Mike has worked for over 25 years at DNV GL (formerly British Gas Research and
Technology and subsequently Advantica) on safety and environmental issues in the oil
and gas industry. A strong background in physics, including a doctorate for studies of
brittle fracture behaviour, provides a firm foundation for understanding hazard and risk
analysis techniques and their application to solve practical problems. He joined British
Gas shortly after the Piper Alpha disaster in the UK North Sea, and immediately became
involved in ground-breaking work to understand the explosion and fire hazards offshore,
and to identify methods of mitigating the risks. He has since been responsible for major
experimental programmes to study jet fire hazards for high pressure gas and other fuels
and involved in many large-scale experiments to study the hazards associated with high
and low pressure underground pipelines, including full-scale experiments in Canada to
study gas transmission pipeline ruptures.

Dr Gary Tomlin

Gary is a Chartered Engineer with over 30 years’ experience in the gas industry, working
in both the natural gas and LPG market sectors. He has expertise in fire and explosion,
gas storage, distribution, utilisation, emergency service provision and the investigation
of incidents. Gary manages the DNV GL Spadeadam Testing and Research Centre and
has been a member of the DNV GL incident investigation team since 2008, having
investigated over 100 fatal and non-fatal gas related incidents including fire, explosion,
BLEVE and carbon monoxide poisoning. In this role, he has provided expert support in
relation to several incidents in both criminal and civil litigation.

Gary started his career with British Gas, working in both utilisation and distribution,
before moving to join CORGI, leading a team assessing the competence of registered
gas businesses and installers.

Andy Cummings

Andrew has over 31 years’ experience in the gas industry and is currently a Principal
Consultant with DNV GL. He recently took up a very prestigious role as President of the
Institution of Gas Engineers and Manager for 2016-2017. In his role, he is responsible
for delivery of high profile gas and engineering consultancy projects to national oil & gas
companies. In addition, he has responsibility for business development, technical and
commercial proposal writing.

He has recently worked on a high-profile project in Qatar to provide consultancy for the
repositioning of the Qatar Petroleum’s Health Safety & Environment Directorate to
become the HSE Regulatory Authority for the Petroleum Industry in the State of Qatar,
this focussed on benchmarking other petroleum regulatory authorities and developed a
plan for Qatar to manage major hazards in the petroleum industry.
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Health and Safety Laboratories (HSL)

HSL is one of the world’s leading providers of workplace health and safety research,
training and consultancy, employing staff across a wide range of disciplines. HSL have
been developing health and safety solutions for over 100 years and have a long track
record in hydrogen experiments both in nuclear applications and the safe use of
hydrogen as a new fuel. At their Buxton site they have developed considerable expertise
in safely carrying out testing to establish baseline measurements, as is required within
this programme of work.

Input into Regulations, Codes and Standards: Over the last 15 years HSL has
undertaken and been part of a major experimental and research programme into the
hazards and risks associated with retailing hydrogen. Since 2004, through Dr Stuart
Hawksworth, HSL have represented the UK on the International Energy Agency
Hydrogen Implementing Agreement Safety Task 37. This is a network of hydrogen
experts from all over the world whose overall goal is to reduce or eliminate safety-
related barriers to the widespread commercial adoption. HSL is also a member of the
International Association for Hydrogen Safety (IAHS Hysafe) and was a founding
member of the HySafe Network of Excellence in 2004.

Catherine Spriggs

Catherine has over 15 years’ experience of working on complex projects in the business,
science and construction sectors, varying in value from tens of thousands of pounds to
hundreds of millions of pounds. She joined the HSL in 2012 and works in the Major
Hazard team managing scientific research projects for commercial clients predominantly
in the energy, defence and aerospace sectors.

Phil Hooker:

Phil has spent 25 years in the process industry in various technical roles including
process technology, quality and, for the last 10 years, in process hazards. Since joining
HSL in 2009 Phil has been involved in hydrogen research including ignition by corona
discharges, spontaneous ignition due to releases from pressurised storage, the
behaviour of liquid hydrogen spills, and the dispersion, deflagration and jet fire
characteristics of hydrogen gas in enclosures. Phil was a contributing author of the HSE
Research Report HSE RR1047 on hydrogen addition to natural gas.

Element Energy:

One of the UK’s leading low carbon energy consultancies. Through over fifteen years of
work in the hydrogen sector, Element Energy has worked with all the major industrial
players in the UK’s hydrogen sector, led nhumerous multi-stakeholder assignments
gaining a deep understanding of the full spectrum of hydrogen technologies from
generation, transport, storage, and use, whilst also building a very extensive global
network of stakeholders throughout the hydrogen sector.

Hamish Nichol

Hamish is a Senior Consultant with extensive experience across the hydrogen and gases
sector. In all aspects of the commercial management, through to operational
management and project engineering. Hamish is an affable professional who creates
innovative business from strong relationships supported by deep technical
understanding. Since joining Element Energy, Hamish has led the JIVE project which is
the largest hydrogen fuel cell bus project to date, set to deploy over 140 hydrogen buses
across Europe. This is an EU funded (H2020) project with 23 Partners in nine countries.
Additionally, Hamish leads on other hydrogen and specifically gas projects utilising his
technical, engineering and commercial experience.
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Environmental Resources Management (ERM)
ERM is a leading global provider of environmental, health, safety, risk, social consulting
services and sustainability related services.

Kevin Kinsella

Kevin has broad risk and process safety experience in the gas industry (over 30 years)
and has carried out major international projects for clients in the UK, Europe and Middle
East. He has completed detailed risk assessments and safety cases for both upstream
and downstream facilities assisting with both new projects (concept and FEED stage) and
operations. Much of this work has involved developing safety cases for completely new,
and sometimes novel, facilities working with clients to ensure successful submission to
HSE and managing these submissions through the regulatory acceptance process.

Kevin initially worked for British Gas Research and Development Division (Midlands
Research Station) and was involved in developing quantitative risk models for gas
releases into domestic and commercial premises and gas transmission and distribution
pipelines.

Specialist Technical Support

Alastair Rennie - YOEnergy Limited

Review role providing over 38 years’ experience of mostly project management of large
or new issues, delivered to budget. Since 2000 he has worked on renewable energy
options and in 2006 he helped found then led the UK Hydrogen Association and its
merger to found the UKHFCA. Concurrently a Director of the CCSA, where he has led on
technical issues such as HS&E, and has long advocated ‘low cost, low carbon hydrogen’.
Alistair was a prime contributor to H21.

Mark Crowther: Kiwa
Mark has 35 years’ experience in the energy sector and has a wide knowledge of energy
use (biomass, gas, oil and coal) from industrial to domestic scales of operation.

Mark spends around 50% of his time on commercial consultancy work as Technical
Director of Kiwa Ltd with particular interest in the validation of carbon emission reduction
by improved energy efficiency and the use of novel technologies.

Mark is particularly enthusiastic to use hydrogen as a low carbon vector in the heating,
transport and process industries and led the Hyhouse project where substantial volumes
of hydrogen and natural gas were released into a two storey Scottish farm house.

He has lectured to DECC (including the late Prof McKay) and provided technical support
to major pieces of work by the Climate Change Committee, DECC, and KPMG (for the
IEA).
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m B ion ‘
COMPETITION

Stakeholder engagement

Location

Dates

Department for Business Energy and industrial Strategy - Various departments

but the main interfaces included
Science team

Heat Policy team

Carbon Capture and Storage team
Shale Gas team

Home Energy team

Industrial Heat team

DECC School - Designed and presented a
DECC School to internal DECC colleagues

Ofgem

Futures team

Innovation team

Key conferences

Conferences/round tables/other key meetings

Fleishmann Hillard (Chris Davis) — Round table
based on H21, included members of the
European Commission, and gas networks from
across Europe (Poland/Ireland), Hydrogen
Europe (Jorgo Chatzimarkakis), IPHE (Tim
Karlson), Eurogas (Tim Cayton) etc.

H2FC Conference (European Commission
Building) — Dan Sadler was part of a panel
session on city based innovations

ZEP (Zero Energy Panel) — Carbon Capture
and storage (Luke Warren) — Dan Sadler
presented and took questions in a 1.5-hour
window (with leaders from across the 10 large
producers (Shell, Total, BP, Statoil, etc.) and
various other stakeholders

ZEP - Green hydrogen - Dialled into various
meetings and supplied support and
information for their recommendations
document

Meeting with the Marie Donnelly — Director
General, Energy at the European Commission.
3-hour private meeting to discuss H21.
Meeting with Sir Mark Walport and his Chief
Scientific Advisor — presentation to Sir Mark
and eight of his CSAs at his Brown Bag
Breakfast meeting to brief them on H21
Tees Valley Collective - various meetings
throughout 2016 to keep them updated on
H21 and how to influence government policy
Leeds City Council - various meetings
throughout 2016 to keep them updated on
H21 and how to influence government policy

London
London
London
London
London
London
London

London
London
London

Brussels

Brussels

Brussels

Brussels

Brussels

London

Tees Valley

Leeds/London

2016
2016
2016
2016
2016
2016
Mar-16

2016
2016
2016

Aug-16

Nov-16

Jul-16

Aug-16

Aug-16

Sep-16

2016

2016
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10

11

12

13
14
15
16

17

18

19

20

21
22

23
24

25

26

27

28

29

30

31

Description

Lord Oxburgh’s Parliamentary Review on CCS
(including Lord Oxburgh, Chris Davis, Ian
Temperton) - Dan Sadler met with Lord
Oxburgh three times at the House of Lords
and his wider team, this led to a significant
change to his final document incorporating the
H21 work and recommending the Heat
Transformation Group

BEIS - Carbon Capture and Storage
Conference - presentation on H21

IChemE - Conference on Energy -
presentation on energy position and H21

Sky News Australia interview — See NGN
website

H21 Launch Event — over 225 people attended

All Energy Conference — Presented on H21
SHFCA Conference - Presented on H21

Scottish Government - round table -
presented on hydrogen options for Scotland
(led workshop) and presented separately on
H21

Innogy Telecon - Innogy own gas networks in
Czech Republic and Germany - telecon to
advise on H21

Unison — meeting with Senior Policy Officer
(Matt Leyland) to discuss H21 and job impact

Statoil — Various meeting with Senior Team at
their London office, this has led to the 'H21-
alternative hydrogen production and network
storage options NIA project'

The Royal Society - Hydrogen Embrittlement
Conference - keynote presentation on H21

Northern Powerhouse Conference

Oxford University — Energy Colloquium -
presentation on H21
Synergy - round table - presentation on H21

Global Council (Geoffrey Norris) — round table
event

IPPR North (Darren Baxter) meeting at BIES in
December 2016 then in January 2017 in
Manchester to advise on their report

IGEM - Hydrogen Conference - Presentation
on H21

APPG CSS (Luke Warren) - presentation on
H21

DoT/OLEV presentation on H21 to all Senior
team

DoT (Leo Dando Ledenis) — Tees Valley -
meeting on Tees Valley opportunity

IET Hydrogen Workshop looking at barriers to
hydrogen deployment

UKOPA - H21 presentation

m NETWORK INMOVATION ‘
COMPETITION

Location
London

London
London
London Studio

London
Glasgow

St Andrews
Edinburgh

Leeds T-Con

London

London

London

Manchester
Oxford

London
London

London/Manche

ster
Kegworth
London
London
Leeds
London

Leeds

Dates

April/ May/
June

Jun-16
Oct-16
Feb-17

Jul-16

May-16
Aug-16
Dec-16

Jan-17

Oct-16

Sept to Dec
16

Jan-17

Feb-22
Jan-17

Jan-17
Jan-17

Jan-17

Feb-17
Feb-17
Dec-16
Feb-17
Feb-17

Feb-17
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#
32

33

34

35

36

37

38
39

40

41

42

43

44

45

46

47

48

49
50

51

Description

Worcester Bosch exploration day - a day at
WB factory to discuss the opportunity for
hydrogen appliances with the Senior team
Leeds Council - H21 briefing to elected
Councillors

Association of Meter Operators - H21
presentation

HHIC (Steve Sutton) - briefing to top 10 boiler
manufacturers CEOs on H21

Carbon Connect - various meeting to advise
and inform on latest publication

H2 Supergen Conference (Nigel Brandon) -
presentation on H21, Dan Sadler is also on the
H2 Supergen Advisor Board

ESC/ETI - presentation and Q&A on H21

APPG for Energy Studies (Ian Liddle-Granger
MP)

Committee on Climate Change - part of the
Advisory Board for their reports in 2016

Innovate UK (Harsh Prashad) - part of the
Advisory Board for the Hydrogen Roadmap
work

UCL - part of Advisory Board for the HYVE
Project

Imperial College - part of Advisory Board on
3™ white paper with the Sustainable Gas
Institutes (Nigel Brandon)

Leeds University (David Glew) - Energy
Colloguium meeting — presentation on H21

West Yorkshire Combined Authorities — Civil
Hall meeting with elected Councillors to
discussion H21

National Infrastructure Commission Update on
H21

As part of the preparations for this bid, DNV
GL delivered a technical seminar at their
Spadeadam Testing and Research site entitled
‘Developing and Operating a Safe Hydrogen
Network’ in April 2017 that was attended free
of charge by over eighty people from industry
and academia. This included a keynote on H21
and talks from two other leading industry
players, interspersed with full scale
demonstrations

EUA/Network Engineering & Equipment Group
(NEEG) Meeting

Meeting with Green Alliance to present H21

Welsh Assembly - Hydrogen Reference Group.
Presentation on H21 at a day workshop with
multiple stakeholders

Cheung Kong Group Technology Conference
2017 - including H21 presentation to all CKI
group companies covering a global community

m B ion ‘
COMPETITION

Location
Worcester

Leeds
Kenilworth
Kenilworth

London x3

Belfast

Birmingham
London

London

London

London

London

Leeds

Leeds

London/Leeds

Spadeadam

Sheffield (ITM)

London
Swansea

Hong Kong

Dates
Feb-17

Mar-17
Mar-17
Mar-17

Aug 16 to Mar
17

Oct-16

Oct-16
Feb-17

2016

2016

2016

2016

Feb-17

Mar-09

March/April
17
Apr-17

Apr-17
Apr-17
Apr-17

May-17
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#

52

53

54

55

56

57
58

59
60

61

62

Description

including Australia, Europe, Canada, Hong
Kong, South Africa and New Zealand

Hong Kong and China Gas - A lunch meeting
with the Hong Kong and China gas board to
brief them on the H21 projects and its
applicability in the China context

Cleveland Institute of Engineers - lecture at
Teesside University to a range of stakeholders

Frontier Economics — BEIS project event -
advising on regulatory and market barriers to
hydrogen conversion

Trondheim Carbon Capture and Storage
conference - keynote speaker H21

H21 Presentation to Eurogas Steering
Committee

H21 Presentation to GERG Steering Committee

Support to BEIS on BEIS Supplier Day (launch
of their £25m Downstream of the meter
programme. This included presenting on the
H21 NIC bid and taking questions on the BEIS
programme (as part of D Sadler's former
seconded BEIS role helping to design the
programme)

NEPIC Conference - Keynote speaker - H21

Australia two-week trip including 25
presentations in eight days to a range of
stakeholders including regulators, safety
committees, gas network operators, local and
national governments, etc.

7th World Hydrogen Conference - keynote
speaker H21

Westminster Energy, Environment & Transport
Forum Keynote Seminar: Assessing the future
of heating and cooling policy: priorities for
decarbonisation, innovation and efficiency -
H21 presentation

m NETWORK INMOVATION ‘
COMPETITION

Location

Hong Kong

Teesside

London

Norway,
Trondheim
Brussels

Brussels
London

Teesside

Australia
(Adelaide,
Melbourne,
Perth

Prague

London

Dates

May-17

May-17
May-17
Jun-17

Jun-17

Jun-17
Jun-17

Jun-17
Jul-17

Jul-17

Jul-17
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Appendix J. Letters of Support

LEEDS CITY REGION ﬂ TEES VALLEY
ENTERPRISE . COMBINED
PARTNERSHIP AUTHORITY

Rt Hon. Greg Clark MP Secretary of Stats
Depa‘.menl [or Busieoss, Energy & Industial Slralosy

Rt Hon, 5ajict Javidl MP Secretary of Sate
Department fo- Communities and | ocal Gaverrment

Dear secretaries of State,

Hirstly we would llke to congratu ate you on your recert sppolitmerts to Cabinct 25 Secretary of State for the Departineats
of Business, Tnargy & Indust-ial $trategy and Commurities 2nd Local Gavernment,

As a group af Leaders of Cruncils and Lacal Evzerpdse Patnershp's in te Lasds Ciy Regna and Tees Val ey, we would like 1o take
e opporlurity lo dra your slention L2 nes joind projecl bebween Ue LERs and Lhe ererey industry, whiet has e pelentia
Lo Lranslomn torthen ndus.ry and provide ar el live solulu Lo the coulny's callense lo decarbanise qeal.

The H-21 praject, laurched by Northern Gas Metwories and BECC's Chief Scentific Advisar i July, demastrated the tecrical and
commercial feasisiliny ot a ba d aew visinn o+ converting the: gas nenwork in the LK's majnr cities m hydrngar, starting with the
3ui d ous of hydrogen praductior facilities in the Norh Esst 2nd conversion of the City of Leeds. Delvery of tis visio would caz
carbun emissions soviaed with hew: by B0% und indepedent resesrch by the Evenzy Nebworks assceiation bas demnor strated
thiaL s sa ulion would represen. @ E2L6bn sv ng rompared o eleclrilying hea. supp v Lo UK homes and business,

W beligve thar, a5 well a5 providing a salution ra the courtry's challerzes of srerpy suaply, valus bor money and decarbaization,
the prafRct wowld Act 3% A CAPMARSTANE iwestrant fas £18 @rOWEh of industry and mAnufacturing ie the Marth, Delivary of the
pruject wieuld prowide the infrastructure reguired o decarbonise ivdustry in Yorkshine and the North Eust, safeguardivs jobs 31d
developing & seclor il for te fulure. The new bydrogen arsduction Tadlilies -equired would auild on (Fe sslensive erergy ad
hyelrapon pradUction sactars 2eross the Fghan, Gpenitg the sectar Lp 1o Aow enzrants, providing Jobs 3nd boostig the commaerdal
case for investment in lew carban technalogies such as energy from waste and bicgas, T1e expertise and infrastructure For
chemical production woule be idealy paced <o develop new products and mater als utlising carban zrisiag from <he hydrogen
conversion process. Finally, a5 ha first place T 1-r warld fo have Fydrogen 'on tap” Yorkshire and the North Ezst wauld afte a
truly un'que propastun by busiess locelly and across the globa develuging tha rext penerstivn of hydrugen cars, tras, and
cpaliances. Wilh the lagest manufaclurieg, seclor ie Lie UK and our acadumic inslilulions <iready lezd'ng e werd in encrzy
ieseach ard develoorment, we belicee our offer weuld ke unpara leled,

s 40w begin 16 frm your strategies for energy, indusiry and lacal goremmen: in the norh we wauld value the saporunity o
discuss wich you the part tat H-21 can alay in tha future growth of the UK. W lzak forward to meeting yeu when your busy
disrivs vl 3 low,

Yours sincerely

G
Ak { 2udd

e
Ll
ClirJucie- Blzke kager tdzrsh i Davic Bude Pa.l Bacth

Leader, Leees Cty Cauncil Shale, Lueds Oty Regton Chale, Tees alley
L Lomainzd Autherity

Lawis City fiag jon Entarprise Farmarshi
1= Floor Wast, Wallington House, 40-50 Wallington Steet, Leads LS5 20E
Tel: 1113343 1918

= CITY COUNCIL
Councillor Lucinda Yeaden Daputy Leader
of Leads City Council and Executive
Member of Envirenmant and Sustainability
Lesds Civie Hull Lusts

Mick Hurd MP
Minister of State for Climate Change and Industry
1 Victoria Street Londen

SWH 0ET LE1 U
Civic Tel 0113 247 4708
Civic Fax 0113 247 4048
lucinda.yeadan@leads.gov.uk
15" December 2016
Dear Nick

It was gnad to mast you at the Clean Enagy & Citias Ministarial Reundtabila an 29 Novambar.

A\s was mentioned, Leeds and Teeside ame actively supporting the Northern Gas Metwork H21 proposal to convert
the exlst\nq natural gas network in Lesds to hydrogen. The main alternative at present is to switch heating to

fing which would requine 2 guadrupling of clectricity gencration capacity and would lzave the national
gaz ncharic zls a stranded assct Supporting Morthern Gas Notworks' plans to eonwert cxisting gas pipes o
hydreqen could reducn carban omissions from the rogion by owar 115 by 2030 Without an intarucntion of this
size, it is difficult to sce how the government can remain on track to deliver against the Climate Change Act to
radua carban by 80% by 2050

The ecenamic mtionale for the H21 Enabling Roadmap has been reviewed by the Regional Economic Intelligence

Unit (REWJ) at Lecds City Region. The hoadlines are as follows:
The sconomit value of the jobs created or supparted directly would ba around £7 millian annually (bassd an &
5 year time line hetwean 2017-20211,

= Over the 5 years of the project this would have a life time economic value of £25 milion (this is 4 constant

price estimats hased on 2011 prices).

There is ecanomic growlh patenlial for glher hydogen suppliers inked Lo the nelwork in he ulure.

«  The prajact relias on carbon captura and staraga for which aconamic usas fer wasta carban could he found in
the future:.

»  There would be now market opportunitics for a now gencration of household and indusirial gas applianccs
and all of the assosiated supply chain boneits in manufacturing, rotail and installation

»  Hydrogen fuelled vehicles are anather patential growth area with significant environmental benefits in tems of
air quality and for which there is a global market.

Leeds and Tesside are liaising closely on this matter and feel that a positive Government response to this proposal
would be enhanced by actively including local stakeholders at an early stage in any decisions. This would add
walue, for example, by demonstrating that (ocal stakehelders are supportive and morecver that ether sources of
funding [such as Gity Deal, Devolution and Local Growth Fund keing identified in Teeside, potential far ERDF in
LLesds and sourses of ressarch funding being pursusd through University of Leads) could be levared in. We are
actively cstablishing a consortium of local partners to ke based in Lecds, ready to respond ta other sources of
funding and alzo fo lead the implementation of the H21 Readmap.

Representatives from both regions wrole to the relevant Gowernment depariments in August 2016 (see attached
lettar), but have yet to receive a comprehensive response and | would be grateful for any assistance you can
provide to secure this.

I am aware that the Energising the Marth report is due to be launched at Portcullis House in London on 17th
January with likely attendance by the Andrew Percy iMinister for Northem Powsrhouss) and Greg Clark (Setrstary
of State for Business. Energy and Industrial Strategy). | would be grateful to have a meeting with you in the New
Year fo discuss this report.

| Inok fereard to hearing from you

Yours sincerely

Ceunciller Lucinda Yeadon

weaw.|eeds.gow.uk switchboard © 0113 222 4444

m T M PETITION ‘
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 YORKSHIRE
COMBINED Aum(MW

West Yorkshire Combined Authority
Leeds City Region Enterprise Partnership
1" Floor West
Wellington House
40-50 Wellington Street
Leeds LS1 2DE
7" June 2017

Dear Dan Sadler,
WYCA SUPPORT FOR H21 NIC BID

I am writing to you in my capacity as Head of Economic Policy for the West Yorkshire Combined
Authority (WYCA). WYCA brings together the public and business sectors of the Leeds City Region
into one collaborative partnership and with the joint vision of achieving good growth in the City
Region.

Our Strategic Economic Plan (SEP) sets out our ambitions for the City Region and how they will be
achieved. A key ambition set out in the SEP is for a resilient, zero carbon energy economy

The City Region is already collaborating with the Northern Gas Network (NGN), Leeds City Council
and Tees Valley Local Economic Partnership to explore NGN's exciting H21 Leeds City Gate project
There is wide spread political backing for this project and we are excited about its potential to not
only contribute significantly to ensuring long term energy affordability, but to our local, and indeed
the national carbon emission reduction targets and also the potential transformational impacts on
the economy in terms of job creation, growth and innovation, We hope to establish the first
commercial hydrogen economy in the world and place our region on the map, making it the first
port of call globally for hydrogen technologies /region of excellence.

The objective of the H21 Network Innovation Competition (NIC) bid is to provide compelling,
quantified safety based evidence for a 100% hydrogen conversion in the UK gas distribution
network. Specifically, that the pipes and equipment will be as safe operating on either 100%
hydrogen or natural gas. This could ultimately support policy decisions for a UK hydrogen conversion
with potential to save £100bns versus alternative solutions. The H21 NIC project will provide
comprehensive, quantified evidence across the range assets within a three-year timeframe 2018 to
2020.

We understand that there will be a requirement in phase 2 of the H21 NIC project to undertake field
trials on a ‘real’ section of the network that has been previously isolated from customers. We also
agree that this stage of the project will be vital to confirm the results of phase 1A (background
testing) and phase 18 (c: e testing) p g all stakeholders with the assurance that
results obt. d in ¢ can be effectively modelled and used to predict
outcomes in a real world setting. The field trial is likely to be carried out on a currently
‘derelict/demolished’ brownfield piece of land with good retained gas network assets still in place,
and no plans for development until 2020 onwards.

WYCA recognises the importance of the H21 NIC bid and specifically the field trails and will support
the H21 NIC team to work through existing regional planning channels to identify potentially suitable
sites on which to undertake this important work.

Kind regards,
D.Walmsley

V) (el

DAVID WALMSLEY
Head of Economic Policy, West Yorkshire Combined Authority
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Dan Sadler

Programme Dirsctor, H21
St George House

40 Great George Street
Lesds L31 30L

Date ¢ Oagokag 21s2 June 1017

Dear Dan,

| am writing to confimm the strong support of Bridgend County Boraugh Cauncil for the HZ1 Lesds City
Gale project. We believe that the H21 Leeds City Gate Preject has demenstrated an innovative
approach o support decarbonisation of the UK economy at least cost to energy consumers an could
play a rale in our County Baraugh wide decarbonisation plans.,

The UK, as with maost ather countries around the world, recognises the challenge of climate change and
has resalvad, by 2050, to reduce carbon emissions by 80% of thair lavel in 1280, Glimate change is one
of the Inost significant technical, economic, social and business challenges facing the waorld today.
Following the completion of the H21 Leeds City Gate project thers has been growing interast in the
oppartunity to decarbenisa the gas netwark hy converting ta 100% hydrogen. a salution that appears to
be tachnically and economically viable.

Tha ohjective of the H21 Natwark innovation GCampetition [NIC) bid is to provide campalling.

quantified safety based evidence for a 100% hydrogen conversion inthe below 7 bar UK gas
distribution network. Specifically that the pipes and equipment will be as safe operating on either 100%
hydrogen or natural gas. This could ultimately suppart palicy decisions far a UK hydragen conversion
with potential to save £100bns to the UK vs alternative decarbonisation strategies. The H21 NIC project
will pravide comprehensive, quantified evidence across the range of below seven bar assets within a
thres year timeframa 2018 to 2020. Wa beliava this projact is a criical step to realising the patential far
hydrogen reuse of the gas netwark

Do not hesitata ta get in touch if you require anything furthar.
Yours sincerely
M Jancing

Michacl Tenkins
Team Leader Sustainable Nevelopment

GCorporale Difector — Communities
Cyfarwyridwr Corffarasthol - Cymunedau
Mark Shephard

reen
g}ll ance...

25 May 2017

Towhom it may concern
Supporting hydragen for decarkonised heat pilots

Green Alliance believes that the next big challenge in meeting the fifth carbon budget is
heal, The Governmenl's is making good progress on eleclricly, by phasing oul unabaled
ceal plantz by 2025 and building renewables, bul electricity slill represents only a filth of the
UK's final energy consurplion wilh healing and Lransporl consliluting Lhe resl.

Unlike in electricity and transport, where clean options are increasingly operating in the
tnarket, very [ovw carbon heat solutions heed to be tested. We believe the UIC needs to trial
specific technologies ta understand their real warld implications, patential routes 1o market,
and customer acceptability, 10 discover a least cost pathway for decarbenisation,

Hydrogen heat is ene potential solution. The attractiveness of being able to repurpose the
existing gas grid, use gas or hydragen ta stare large quantitics of enargy for use during the
winter, and the technical robustness af both carbon eapture and stornge (CC5) and steam
methane reformation suggest it merits support for a large scale trial.

The H2 Leeds city gate project provides an advanced blueprint of how hydrogen could
decarbunise heating in Leeds. Suppurting this as a pilot to test hydrogen's technical and
socipeconomic vutcomes could provide a potential breakthrough in tackling the heat sectar
We think a smart trial should include significant building eHiciency measures, so that
consumer bills for hydrogen heat can stay relatively flat, compared to natural gas, We have
saen estimares that suggest heat demand will need to be cut by 30% - a readily achievable
goal for mast buildings,

Yours faithfully,
Dustin Renton

Acting palicy director
dbenton@grean-alliance org.uk
020 7630 4522

Disclaimer —Groen Alliance does not held any relationship, fiscal or othorwise, with the
project praponcnts of the Leeds city gate and neither have we assessed the outcomes
claimed by the praject. But we strongly beliove it to be amangst the fow proposals that have
the potential to move to a demonstration stage.

Dan Sadler

Programme Director (H21)
5t George House

40 Great George Street
Leeds

L5130

Dear Dan

RIIOLI

UKHECA

UK Hydrogen and Fuel Cell Association
108 Lexden Road

West Bergholt

Colchester

Essen

€06 3BW

Tel: +44 (D) 1206 241360
Email: c.greaves@synnogy.co.uk

7" lune 2017

H21 Netwark innovation Competition [NIC) bid

We are wriling in regard Lo Lhe H21 Nelwork Innovalion Compelition bid which, we undersland, seeks 1o “prouvide
compeling, quantified safety based evidence for o 100% hydrogen conversion in the below 7 bor UK gas distribution
network, Specifically that the pipes and equiprent will be as safe operating on either 100% mydrogen or natural gas. This
could uitimately suppart policy decisions for @ UK hiydrogen conversion with patentinl to sove £1000ns vs alternotive
decarbonisation strategies. The H2E WIC project will prowide comprehensive, guantified evidence across the range of below
seven bar ossefs within a three peor fimeframe 2018 to 200"

The UK Hydrogen and Fuel Cell Association (UK HFCA) works to ensure that fuel cell and hydrogen energy can realise the
many benefits affered scross economic growth, energy security, carbon reduction and beyond. Through the breadth,
expertise and diversity of our membership, we work to trigger the policy changes reguired for the UK to fully deliver the
opportunitizs offered by these clean energy solutians and assaciated elements of the supply chain.

We hawe a particular focus an ensuring that the role for hydragen and fusl cells acrass the whole energy system is
optimised, recognising and building on synergies across heat, transport, power and beyond. A robust evidence base is
critical to delivering progress in this regard, and to facilitating the development of appropriate policy frameworks.
Avcordingly, we are supportive of projects and initiatives which contribute te the evidence base, and would be delighted

1o see this bid succeed.

Best regards

Celig Greaves, Executive Officer, UK Hydrogen and Fuel Cell Association
on behalf of Amanda Lyne, Chair of the UK Hydrogen and Fuel Cell Assocdation

U Hydogeand Fue ! Col Assucialivn
Registered in England No 5306226; VAT ho..38638718
Tiegistarer. Office: 108 | sxela Raad, West Rarghalr, Coldhastar, (006 ARW
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H21 Programme Dircetor
H21 Propject DiTice

5t George House

A0 Greal George Slreel

Leeds
Ls130L
a* June 2017
Letter of Support from the Seattish Hydragan and Fuel Cell Assoclation
Tor Ihe H21 proposal la Gas Nalwork Innowalian Competitinn
Dear Jan

1heScolish Hydragen & kuel Cell Acsecialior, [SH-CA) eanfirms ils supparl for Ihe proaosed project Lo build direetly on L1e
work urderlsken as parl of the "H21 Loeds Cily Gale' (H21 LCG) MIA wojecl.

This praject will be led oy Morthern Gas Networks 2nd 'rcludes Scotia Gas Metwa e, 3 SHICA member, as ore of the
2AN5LITILM PAFTNCrs,

The abjective far this turtner wark is ta provide compel 'rg safety based evidance fora 100% hydregen corversianiin the

below 7 bar UK gas distriaution netwark, It a1l determiag i@ zhe pipes and equiprent in use by 2032, following com pletion of
the REPEX programme, wi | be a5 safe operating on either 100% hydrogen or natural gas. The praject will provide
camprehensives, quantified cxidence across the range of bolew £ Lar assets. and will be carried autwithin a three year time
frame belwee 2018 snd 2020,

This is 3 crit cal arogramme of work witich wi | infore key policy decisions for a Ut hydrogen conversior, for the wide-rol-out
of hydragen as 2 low carbon keat wecsor, This appraach could offer very significant cast savings as camaared to alternative
decaraanisation strategles, wita the petencizl te offer a selution which s also much less disrustive %ar many UK consumers,

The UK has committe to substantial czrben savin et conTrigutes o a thiv of its current e missians, Delvering lew-caraan
heat via o 1002 hydrogen conwersion appears to 2¢ atechnically credible, loveer cost, lzrge scale decarbar’sation solut'on than
altermativies, However, ther is 2 eril cal safety basod evidence gap witich must be guartifics by e UK gas indusliy Lo progress
L aplion

The praposed praject will 2-ovde a comprenensive testing, measurement and quantified risk 2ssessmert wa'ch wl be
underaken across a strategically selected range of below ¢ bar gas notwork assets, These tests will Be splitinta three ahases
including backgrauad Lesting, consequence Lesting and Meld Lest rg.

The o towsrds low carbon solutions for sur ene-gy supply is a2 of the mastimportzrt sirs for our society, and this will
require practical solutions for low eabon heat, eambined with suitable ene-gy starzge at large seale 7o mect seasoral neat
demand If we are to achlewe 11e substantial decarbonlsation af our caergy systems by 2050, W th the ongang challenges of
reeLing ca0om redud o Largels SEFCA belicves thal he proposed 9ojecl coud palertially underpin Lhe lange svale
duployment of bydrogen for low carbon best.

SHrca promozes ord dovelops expertise in fue colls and hydroger technalog s, #nd supparts the dovelopimeont, of busresses
and markels in 17s seclor throogh rego a” cvenls and aclivides, bringing logelher Lhe experlise and cxperience of specialised
Tuel el companivs, syslems inegralor, puwer gererzlion cumparioy, and eiergy cunsollanls Lo idenlily key mare .
cppartunities. We also vrk dusely with acade e nstitutions, developent 2 gencies, snd Loca Authorities snd haws
particular interssts i the area of rtegrated Anargy systems, and the opportunity for hydragen o be deplayed a5 3 Tlean
energy veciar' that can bridgs hetween power, heat, and transpat energy networks.

SHFCA wauld alse like ta offer our assistance with knowledge transter and disseminstion activities far key findings, far exsmplz
1a-augh any [oi 11 workshap Peants or facilitzting access to industry and nther stakekolders whern this would be af 1ela

Vo Torward Lo dlose working e wesn SHECA and your preject eam, and wish you 2| sucress wilh your propossl
fours sreeely,

iloen Holawes

Chief Executive, Scottish Hydrogen and Mue Cell Assaciatian

TAT S HLE L] ASS0TaTien UmESd BRIy Eohicingy CInTe 12 ULz 59320

n wix: Fan: 01155 333300

Sentsh SPe 1S3 Technakngy FEIK
et K lbitks 627 0

Wingat wisash ok

TthiJune 2017 Carbon Capture &

Storage Association

Dan Sadler

Programme Director, H21
St George House

40 Great George Straat
Laads LS1 301

jon.arg
Dear Dan,

1 am writing to confirm the strang support of the Garbon Gapture and Storage Association (CCSA)
for the H21 Leeds City Gate project. The CCSA believes that the H21 Leeds City Gate Project has
demonstrated an innovative appreach to support decarbonisation of the UK economy at least cost
to energy Consumers.

The UK. as with most athar countriss around the world, recognises the challenge of climate changs
and has reschvad, by 2050, 1o reduca carbon emissions by 80% of their level in 1990, Climats
change is ane of the Inost significant technical, economic, social and business challenges facing the
wrld today. Following the completion of the H21 Leeds City Gate project there: has been growing
interest in the opportunity to decarbonise the gas nebwork by converting to 100% hydrogen. a
solution that appears to be technically and economically viable. All the techneology to corvert the UK
gas distribution network to hydrogen can be evidenced across the world today (steam methane
reformers, salt cavems, hydrogen appliances). Hewever, the primary abstacls to progressing with
such a decarbonisation pathway is the lack of quantitative safety evidence.

The chjective of the HZ1 Network innovation Campatition {NIG) bid is ta provide compelling,
quantified safety based evidence for a 100% hydrogen conversion in the below 7 bar UK gas
distribution network. Specifically that the pipes and equiprment will be s sate operating on either
A00% hydrogen or natural gas. This could ultimatcly support policy decisions for a UK hydrogon
conversion with potential to save £100bns to the UK va alterative decarbonisation strategies. The
H21 NIC project will provide comprehensive, quantified evidence across the range of below seven
bar assets within a thres year timaframe 2018 to 2020. We belisve this project is a oritical step to
realising the potential for hydrogen reuse of the gas netwark.

Do not hesitata to get in touch if yvou require any further support from the CCSA,

Yours sincerely

-

Luke Warren
Chiaf Exacutive

m T M PETITION ‘
COMPETITION

Energy
Networks
% Asstoalia

14 July 2077

Letter of support

NGN-H21 Network Innovation Competition Bid

To Whom It May Concern

Eneray Networks Australia is the national industry association representing the businesses
operating Australia's electricity transmission and distribution and gas aistribution
networks. Membar businesses provide energy to almost every household and business in
Australia.

On behalf of the gas industry, we recenly produced Gas Vision 2050, which demonstrates
a plausible pathway to cecarbonise the Australian gas sector by 2050. It relies on three
transformational technologies: biogas, carben capturc and storage and hydrogen. which
are all technically proven but need to be widely deployed. This vision is supported by the
gas industry.

Following the launch of the vision in March 2017, we organised a conference to explore
pregress being made to achieve this vision, Dan Sadler - from the H21 Leeds city gate
preject - was the international keynote speaker at our conference, His presentation was
well received and many ¢ the speakers have expressed interest to fellow up and
collaborate with the H21 project.

Australia’s gas distribution businesses are actively engaged In demonstrating
decarbonisation of gas. Australian industry-led activities include:

»  Energy Nelworks Australia has funded a study by the Energy Pipelines CRC to identify
the technica' and regulatory issues for injecting hydrogen and renewable gases into
distribution and transmission notworks.

»  Australian Gas Networks 's piloting an advanced electrolyser technique to produce
hydrogen and to inject this hydrogen into the gas distribution network.

Jemena is proposing a pilot project for producing hydragen thraugh electrolysis and
injecting it into the distribution network as well as using it for vehicles.

»  ActewAGL is developing a biogas project that aims to convert organic waste streams
te biogas in an anaerobic digestor and to inject the produced gas into the ACT's gas
distribution network.

»  The Australian Standard AS/NZS4645 - Gas Distribution Networks has been reviewed
and updated this year. Cne of the conclusions from this review is that there is a lack of
quantitative and scientific knowledge to support the introduction of new fuels into the
networks, such as hydrogen. The proposed NIC bid also notes this lack of quantitative
data and aims to provide quantitative data for the safety case of hydrogen in
distribution networks.
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Interest in hydregen extends beyond the gas industry. Australian governments are
actively invalved in pursuing options for hydrogen.

»  In South Australia, the government has announced $9 million of funding towards its
hydrogen roadman in June 2017 and this wil involve producing hydrogen from
renewable energy and using it in a demenstraticn in the Adela’de bus fleet.

»  The ACT Government is also progressing a hydrogen project as part of its renewable
energy strategy. The pilot involves up te 20 vehicles that will be purchased by the
ACT government anc fuelled by hydrogen produced from renewable energy.

»  The Victorian government and Kawasaki Heavy Industries are investigating options of
using Victoria's brown coal asset base to produce hydrogen and export that to Japan
tc power its vehicle fleet.

There is a close linkage between the work being carried out in Australia and that being
completed in the UK, While there is a prime fac'e case for hydrogen to play a critical role
as part of complementary energy systems during decarbonisation. there are a range of
technical and commercial issues that need to be further evaluated.

To this end, the Gas Committee of Energy Netwaorks Australia is supporting a proposal for
a new Future Fuels Cooperative Research Centre. A proposal was submitted to
Government on 12 July 2017 for a new collaborative research centre focussing on future
fuels, such as hydrogen, biogas and syngas. The intention is ‘or this centre o run for 7
years with approximately $80 million of funding proviced by ‘ndustry, government and
rescarch organisations. The Centre will support the Australian plot and demonstration
projects and create even stronger collaboration apportunities with UK initiatives, such as
the H21 Leads project.

Energy Networks Australia supports the bid by Northern Gas Networks - H21 to 'provide
compelling, quantified safety based evicence for a 100% hydragen canversion in the
below 7 bar UK gas distribution network’. The t'ming of this proposed project creates
excellent opportunities for colleboration with the Australian R&D and demonstration
projects.

If you have any ocuestions or requirc any assistance, please do not hesitate to contact Dr
Dennis Van Puyvelde, Director - Gas on dvanpuvvelde@eneravnetworks.com.au or +61
(0)2 8272 °548.

Yours sincerely,

JOHN BRADLEY
Chief Executive Officer

The: European Gas Research Group Avenus
Palmurien, &

Brugsels 1000 Be g um

Telephone: +32 475 80 29 22 www.gorg.cu

GERG
L i

A o 2k

v

0% June 201

H2L Fragramme Director H21 Praject Off ce
St George House

20 Gresal Gevrge Slrewl Loeds

151300

H21 ication te the Network Innovation Competition: letter of support

GERG, the European Gas Research Croup, is a research and deve opment ereanisztion that provides both support and stimulus
trr the terhnalof sl ‘FRowation nersssany T ansurs tat the Furasan gas indust -y can rise £ mest the tachnolagical
challenges af the new certury. It was faunded ta szrengthen the gas iedustry within the Eurapaan Community and it achieves
this by pramoting resesren snd bechnolagical inmovation.

Fstablisher a5 & netwark tn enable ewchange otintorratior haswern a selert graua of sperialist R&D centres ta avnid
duaication of effors, it has grown steadily to around 30 marabers whilst retaining snd axpanding its ariginal sirs. |6 priaritiss
sre nelwarking, Lechric ] informalivn eacherge, and be promolion and facililalion of collsburative R&ED

Wa recoR T se 1At he LK has committed o challenging low-carknn ta-gats, and that heat cattributes toa third of its current
emissions. The UK has world class gs networkes with enonmous pokential far future edapzation and en ey sbarzge provsion.
Adaslalor of this srid o sllow e injection of e mgen privides s cuslomer keused solulion L e decsrbunise on of ke
carben heat, Delivering low carbon Feal via a 100% hydrogen conversion appzars 1o be a Lechnically cradible, lower cosl, large
seale decarkonisztion solution than alternatgives. with o e pereatial to offer a solut'or which s a so much less disruptive for
mzry UK consuners. Howewe’, there 5 a safety based evidence gap which must be guant™fed by the UK gas indusiry 1o prograss
theantion. Tha propased H2 1 NIC project provides & critica stea toinfarming key policy decisions far a LK hyd ‘ogen camers or,
znd tarthe wider roll-nur ot aydrmgen a5 3 low rarbor keat vectar,

The abjective fo- this turtaer wark is tz provide compelling safety 0ased evidence tor a 100% Pydroger conversion m the aglow
7 bar LK gas distrinutinn nerenrk. It will determing it the pipes and equiprert in use by 2022, fo lawing complesian of the
REPEX programme, wi | be as safe operazing a1 sicker 100% hydrogen or nazural gas. The praject will pravide comprehansive,
quertified evidence grross the range uf belvw 7 ke sceety, and wil be carried aut within  threw yesr Cme frame beteen 2008
iU 2024,

This is a projec: wa are darticulzrly intaresed beczuse GERG and it uropean membe r com panies have bee leading a rumber
ol irporbant inilislives which esteblish rosd meps Tor intodue ion of Fyerogen nle our neurel gas nelwarks, Prajecls ingbude
HIPS {Ineddvose 1 in pipelite seslems), HIFS NLL cnd Whe Lorgpaan @ower .odEas PlaLlorm, We work € oscly w Lh policy ma wrs al
Europear leve to cnsure that tae patential for the use of cxisting gas netwarks it provicing a wizal route to o decardonized
future energy system is recogized, and that approprizte Innevation acticns are initiated o enable this set of future optians,
The H71 conceat is al-sady atiracting nzjor interest at a Furapean level. The prapased H21 NIC project «ll make an enormous
Z0vance 01 the CUrraNT Stare of interratinnal kamyledga in this ares, Ts very uch a firse ot Trs kind, and wil hela e intore and
steer future policy decisians an the dicection af t1e future UK anc ELropean energy system.
AFRG is prepared 1a pa-ticipate a0 37 ach7sory panel 1o ensure that key stakeholder views repre:
presan: intae delivary of t1e programme zrd ts nutcames, *and alsa t provide resnurcas and
promerte this project at the Europesn level.

nted by our menbers are
&5 ta disseminats a1d

GFRG is tneretore glad to express its suppart ta the bid by NGN and laok tereard ta comt-"buting o the a-ogramme ot waork

‘fours Sincersly,

}/\;/_) 5 ;j{/f:{

Rehsr: Judd
Secretzry General, GERG
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Australian
Gas Networks

Australian Gos Netwerks Limited
L 44101 Kinng W
Adeloice, $4 50

PE e BLGE, I irw Sl
S K000 ALt i

iy 467 88227 1500

Wednesday, 12 July 2017

@ infataustralinngasnetwarks.com au
To Whom It May Concern,

) custialiangasnetworks.com.au
Australian Gas Metworks Limited (AGN) is one of Australia’s leading gas infrastructure businesses. AGH,
Legether with iLs sister cempanies Dampier Lo Bunbury Fipeling and Mullinel Gas, own approximalely 3,500
kilometres of transmission pipefine and 34,000 kilemetres of natural gas distribution networks which serve
approximately 2 million customers. We are active across the country with assets in Victoria, South Australia,
Weestern Australia, Queensland, New South Wales and the Northern Territory.
Like many businesses in Australis and around the world, we are currently focussed on exploring ways te
minimise our carbon footprint, Natural gas as an end user fuel is currently a relatively low carbon cholce, with
a carbon diowide confribution of around a quartar of Australian mains ale{'trlcll‘y.1 However, we arg interestad
to explore appurtunitiss b further reduce the carbon intensity of our network, and accordingly ars particularly
interested in any technology that would allow a low-emission gas soures to be distributed via our natural gas
nehwark
Wiork an this concept is already underway in Australia. For example, in March 2017 the gas industry released
Gas Vlsizn 2050 which detalls the decarbonisation journey of gas ever time, outlining the use of low-2mission
fuels such as hydrogen and biogas, 2z Separately, individual businesses are also pursuing pilot plants such as
AGN's pilot hiydrogen production facilicy which will use axcess renewable electricity to electrolyse water, with
the small valumes of hydrogen praduced from this process injected into our nekwiark.
Whilst wark on gas network decarbonisation 1s undenway in Australia, it is at @ much eadier stage than that
underwey in Lhe Uniled Kingdom and Lo Lhis exlenl, AGN and Lhe wider Australisn energy industry closely
Fallows the Icading wark bring carriod out in the United Kingdam
By way of cxample of the level of interest in Australia, in late June Dan Sadler from Northorn Gas Nebwarks
was the key note speaker at Energy Mebwarks Australia's 2017 Gas Serminar (speaking about the Leeds H21
project]. As part of Dan's Australian trip, AGN also facilitated meetings on Leeds H21 and decarbonisation
through hydrogen mere generally, betwasn Dan and 25 separate groups (including requlators, governments,
£onsumer representatives, appliance manufacturers, distribution businesses and transmission businesses)
Dan's visit was extremely well received with attendees nating that they found the wiork undenaay in the
United Kingdem and its potential implications for Australia wery interesting and considersd that it brought &
new perspectivie to the current energy debate,
From an AGH perspeclive, we believe Lhal Auslralia faces similar challenges Lo Lhe Uniled Kingdom in Lerms of
decarbonising gas, clcctricity and transport, and that our natural resourees (natural gas, ooal and rencwatic
electricity) lend themselves well to the preduction of hydrogen. Consistert with this, we are forussed an
applying learnings antd oulcomes rom Lhe Leeds H2 L case sludly Lo our Auslralian nelworks. This inclutles
continuing to engage with key industry participants and scoping out the patential to decarbonise our
netwarks, likely using a similar appreach to the Leeds H21 project.
In Australia we are watching the development of the H21 cancept with interest and are very supportive of the
H21 NIC bid. We see this as a key reguirement o move this opportunity for lowfzera carban energy forward
across the globe, Please contact either myself or Krissy Raman if vou would like to discuss this letter further.

Yaurs sincarely,

PV e
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Craig de Laine

General Manager Strategy and Regulation, Australian Gas Networks

1 ASCOLRES FSCEIFS] SUGUST 71 6, 39

on and Expluration Associct i

ourers Assutialion o Ausbralia; Gi
sion-2050,

5 15 and K.
v P oclires and Gis
ri 2050; March 2007,

! Meparteren® of the
"

valic, & shialic
Al Gos Appliznc b
 ergurL ks

Australian
Gas Networks

Acn 072 55 S

Page 95 of 98



A150 Ses Ausiveia Fly Ld

ofgem

ATCOGas

Whilst work on gas nelwork decarbonisation is underway in Australia, it is at a much earlier stape
than that underway in the United Kingdom and to this extent, ATCO and the wider Australlan energy
Industry closely fallows the leading work being carried out in the United Kingdom.

AUSTRALIA

Friday, 14 July 2017 ;
el don
Postzl FO Box SO0

E

To Whom It May Cancern,
NETWORK INNOVATION COMPETITION [NIC) BID - NORTHERN GAS NETWORKS

ATCO Gas Australia (ATCO) is a whally owned subsidiary of the ATCO Australia Group. ATCO owhs
and aperates Lhe vasl majorily of Weslern Australia’s gas reticulation network, serving
approximatehy 740,000 end users via the Mid-West and South West Gas Distribulion Syslem
({ragulated by Western Australia’s Economic Regulation Authority, ERA). Australia is an important
strategic market for future growth and investrent. In addition ta the Wa gas distributian network,
the ATCO Australia group also includes businesses that operate within the electricity sector through
the ownership and operation of gas fired power stations in Karratha (whally swned) and Adelaide
(co-owned),

The ATCO Australia Group is part of the world wide ATCO Group of companics with mare than 8,000
employees and assets of approximately 520 billion. ATCO's companies are engaged in pipelines and
liguids {natural gas transmission, distribution and infrastructure development, energy starage, and
industrial water solutions); electricity (electricity generation, transmission, and distribution); retail
energy; and structures and logistics,

ATCO is committed ta minimising our carbon footprint through investing in raliable and affordable
encrgy sclutions. While our natural gas pipalines clirrently contribute approximately a quarter of the
varban as that produced by Australian mains electricity, we are currently Investing In technology
that would enable low-emission 528 sources 10 be distributed via vur natural gas netwark,

This arientation is censislent wilh the posilien of the broader gas industry in Australia, which
released Gas Vision 2050 in March 2017, This paper details the decarbonisation juurney of gas over
time, outlining the use of law-emission fuels such as hydrogen and biogas. ATCO is also working
with our customers to improve reliability and affardability thraugh innevative solutions such as aur
GasSola product. GasSola combines solar PV, battery and micro gas generation te optimise the
residential customer's energy bill

Connecting WA
to natural gas

AL 053 531975 | Fegistorad DRz Love [ 2 I SHEe: Sort s, Wik BCD

FRUENELTER

By way of example of the level of interest in Australia, in late June Dan Sadler from Narthern Gas
Networks was the key note speaker at Energy Networks Australia's 2017 Gas Seminar (speaking
about the Leeds H21 project). As part of Dan's Australian trip, Australian Gas Networks (AGN)
facilitated meetings on Leeds H21 and decarbonisation through hydrogen more generally, between
Dan and 25 separate groups (including ATCO, regulalors, governments, consumer representatives,
appliance manufacturers, distribution businesses and transmission businesses).

atcagas.com.au

ATCO's view is that Australia faces similar challenges to the United Kingdom in terms of
decarbonising gas, electricity and transport, and that our natural resources {natural gas, coal and
renewable electricity) lend themselves well to the production of hydragen. In this regard, Dan's visit
was timely and well received where the work underway in the United Kingdom may have significant
implications and benefits for Western Australia and the broader national energy supply chain.

Therefore, ATCO is focussed an insights and outcames from the Leeds H21 case study through the
development of our Cnergy Roadmap 2030 for Western Australia. One of our Energy Roadmap
scenarivs includes assessing Lhe Teasibility o Lransitioning Lo hydrogen including how a Perth H21
may evolve.

ATCO will be keen observers of the development of the H21 concept are very supportive of the H21
MIC bid: this process is @ critical enabler of progressing Lowards a nel zero carbon fulure,

Yours sincerely,

Pat Donovan
President ATCO Gas Australla

Connecting WA
to natural gas
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| ALSTOM TRANSPORT UK A LST@1M
TheFaca
“73 1l gh lolbem Dan Sader

Frogramme Dirgstor {H21)

st Gaome Hause

40 Great Geoge Stree: Leeds
1sianl

16th June 2017
Dear Dan

Alstam is a tier 1 supplier in the rall industry globally with products and senices touching the antire value
chain: ranging acroes the manufacture of trains and other vehicles, maintenance & semvice, infrastructure;
signalling and conlrel sysleins.

Around the woid, Aletom’s customere are generally local authorities, cit ies and regions, or t ran sp ot
operalorsfowners. Alslom has developed a stralegy and is aclively invalved in a number of inilialives and
pro [ects with the objective to decarbanise public transport systems. An impartant part of this

et rat egy i Alstom's Hydrogen Fuel Cell train, ilint, launched in Gemmany in September 2016, This launch
generaled a huge inlerest in the UK fram local, regional and nalional authoril ies.

The UK, as with most ather countries aro und the world, racognisas the chall onga of climate change and
has resolved, by 2050, Lo reduce carbon emissions by 80% of their level in 19900 Climale change is one of
the mast significant technical, economic. social and business challenges facing the world

today.

Folla wing the completian of the H21 Leeds City Gate project ther & has been growing interest in the
opportunity to decarbonise the gas network by converting to 100% hydrogen, 8 eolution that appears to be t
echnically and econoin ically viable. All the technology to convert the UK gas distribution network to
hydrogen can be evidencad across the world today isteam methane refomners, salt caverns, hydrogen
appliancos). Howaowor, the primary abstacle to progrossing with such a

decarbenisalion palhway is lhe lack of quantilalive salzly evidence

The objectivi of the H21 Network Inncvation Competitian {NIC} bid is to provide compelling, quantifisd
safely based evidence for a 100% hydrogen conversion in the below 7 bar UK gas distribution nebwerk.
Specifically, that the pipes and equipment will be as safe cperating on either 100% hydrogen or ratural
gas. This could ultimately suppert policy docisions for a UK hyd rogon conversion with potential to save
£100bns vs alernative decarbonisat ion strategies. The H21 NIC project will provide comprehensive,
guantified evid ence acress the rang e of below seven bar assets within a thres year tine frame 20718 t¢
2020.

This devalopment will benefit tha grawing hydrogen economy of the UK facilitating growth in all sactors
through the development of a greater hydrogen infrastructure. Alstom is pleased to sugport the H21 projact
and in particular the MIC kid to OFGEM as cne of the innovative solutions that could help 1o create 3 robust
hydrogen infrastructure in the LIK, helping us in turn to delivar & low carbon transportation system for the
twenty first century.

Yours sincerely

M@"Uw/‘i,* -

Mike Muldoon

Head of Strategy
Alstom UK & Ireland
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LEEDS CITY REGION

ENTERPRISE

PARTHERSHIP
BUILDING QUR INDUSTRIAL STRATEGY GREEN PAPER JANUARY 2017

Introduction

This is a jonl response from Leeds City Council, West Yorkshire Combined Autherity and Tees Valley
Combined Authority ta the Industrial Straicgy Green Papor focussing on hydrogon based  heat
decarbanisation and specifically the opportunities afforded by the HZ21 Leeds City Gate project. This is an
aspecl of Lhe Induslrial Slralegy Lhal all lhree organisalions are collaboraling on and have corresponded on
with Ministers (see attached Ietters to Greg Clark & Sajid Javid, August 201€ and to Nick Hurd. December
2018), Each organisation will be submitting additional responses to the Industrial Strategy as a whola,

Background

The nesd to reduce carbon emissians is a global and a natianal priority, and the UK is committed to
reducing carbon smissions by 80% of lhe 1990 levels by 2050, As the UK wransilions 1o a low carbon
ecanamy thers are numerous scenarios that could play @ part in the future UK enargy mix. Heat, provided
almast exclusively by natural gas, currently contributes aver 356% of the UK's energy needs and is seen as
an imporant transitional fuel as the UK moves to a low carbon economy.

Through the 'H21 Leeds City Gate’ Praject. Northern Gas Networks has been examining a scenanio where
gas and the gas networks play a direct role in reducing carbon emissions via the creation of Hydrogen fram
Hatural Gas {Methane) Hydrogen, at paint of use, leaves na carbon footprint - the combustian of hydrogen
with oxygen results in water and heat,

The autcome of the praject is cenfirmation that the UK gas neworks can transpert the same amaunt of

energy using hydrogen as they currently do with natural gas with the same level of energy security for

customers The recomimendalions are that the gas network in Leeds (and pars of Bradford. Harrogate

Kirklzes and Wakefield) should be the first to convert from natural gas to 100% hydrogen inoan incremental

UK-wida roll-out strategy. Wsa of hydrogan as a fusl produces zero COZ emissions at point of usa,

improves air guality and eliminates carben monoxide risk. The main elements of the project includa:-

+  Four sleam melhane refarming planis buill in Teesside, filled wilh 90% carbon caplure Lhal would
onuert natural gas inta hydrogen

= The censtruction of a pipeline to transpart the captured carbon from Taassids inte the North Sea,

= 3alt starage caverns for hydragen builtin Teesside some of which may be repurposed axisting cavemns
in Lhe area

« A Hydrogen Transmission system {a pipe] that will transpart the hydrogen from Teesside to Leeds.

« Minor upgrades to the gas network infrastructure within Leeds, which generally already have the
capacity to convert to 100% hydrogen.

= Conversion of gas appliances to consumers.

The Leeds ares is racommended as the first o convart due to its geographical and geelagical position as
well as its large energy demand creating an efficient and large market far initial conversions. This would be
the start of an incremental UK roll-cut for hydrogen conversion which can be designed to be as fast or slow
as raquired depending on appstite for cost and carban reductions,

This project has gained national and international recognition as 3 patential realistic and deliverable
pathway to the decarbonisation of heat across thea UK. The projact has praved, via a deskiop exarciss. that
the current low pressure (below sevan bar) gas network in the UK is sufficiently sized to conver to
hydrugen. If the hydrogen economy is to commence in the UK it is likely, and indeed geographically
nacassary, that Laads would ba tha first city to convart,

In the short tsrm, the project would deliver new jobs and ressarch capabiliies  In the long term it would
raprasent @ mainstream supply of 7ero carben snergy bringing with it significant opportunities for job
creation, inward investment, manufacturing and reduced energy costs.

Industrial Strategy

The Green Paper includes anly one reference 1o hydrogen which we feel does not reflect the patential
signilicance of the opporunily thal il represents Lo the UK's lulure induslris| strength. Inour region, H21
pravides an exciting opportunity for Government, business and roscarchars b work tegether to dovelop
competitive oppartunities. We welcome the propesed review on the oppertunities for growth from the
anergy seclar and Lhe opporlunilizs for the UK. In particular, and a5 a cosl eflfeclive solulion, we would
stross the importance of exploring tho potontizl cpportunitios Associatod o a future Hydrogen gas grid
iincluding roles for Steam Methane Refarmation and Carban Capture & Starage {or similan)}. transport and
decentralised ! centralised alectrical generation as proposed in the H21 Roadmap and associatsd
documonts and roports. Othors aro almady cxploring those options: For instance, it has rocontly boon
reparted that the Port of Rotterdam is waorking on two ambitious options (covering capturing and storing all
CC2 lrom Lhe porl laclories and development of renewable luels such as hydrogen rem wind energy)

The H21 Readmap isection 10 of the H21 repart) pregents all of the work required to de-risk @ hydrogen for
heat decarbonisation strategy and enzkle a national pelicy decision 1o be taken in the early 2020°s.

The econamic raticnale for this Roadimap has been reviewsd by the R nal Economic Intelligence Unit
(REIU) at Leeds City Region employing analysis derived from the Regional Econemetric Madel, (REM), a
mudel of the regional economy that has been developed in partnership with Experian. The work of the
REIU has explored the breadth and scale of the acanomic impacts and outcomes that could be realised
through the 5 year programme of work set out within the H21 Roadmap.

+ Wa wslimale thal lhe sconomic value of the jobs crealad or supporied direclly would be araund €7
million annually {based on a § year time ling batwoen 201M7-2021)

= Ovar the 5 years of the projact this would have a life tima economic value of £33 milien (this is a
censtant price estimate based on 2011 prices).

«  The 133 direcl jobs would supporl he erealion of 15 further indirsct FTE's — a mix of some addilional
SUpPly chain jobs and jobs associatod with scctars such as retail (thraugh oxtra spending of the poople
employed by the project),

+ The Capex of the project will give rise to some construction jobs not captured in the project job numbers
of amywhere up to 150 construction FTE's

However, these clear short term econemic kenefits are dwarfed by the scale of the inpact that might be
achieved once conversion is undenway following a national pulicy decision. If these long-term economic
hansfits ara alsa includad, than the total aconomic impact by 2050 could create and sustain theusands of
Jjobs across Yorkshire and the Humber, surraunding regions and across the UK for decades to come

Thers is economic growth potential for ather hydrogen suppliers linkad to the netwark in the future. The
praject relies on carbon capture and storage for which econoimic uses far waste carbon could be found in
the future. Thers would be new markst opportunities for 2 new generation of household and industrisl gss
applianges and all of the assosiated supply chain bensfits in manufacturing, ratail and installation
Hydrogen fuelled vehicles are anather potential growth area with significant emvironmental benefits in terms
of air quality and far which thers is  global market.

The Energy Research Partnership's Qctober 2014 report, "Palential Role of Hydrogen in the UK Energy

Syslem” concluded hal-

» Hydrogen appears to be @ convincing pathway to decarbonisation that could be rolled out to the
majority of customers by 2050,

= A strategic long-term plan is needed for hydragen to make it zero-carbon, Carbon capture and storage
will need to be in place for early production in 2030, Energy security implications of import dependency
will need assessing and appropriate measrss developed

« Hydregen is alrsady entering the enargy system in stand-alone applicatians. It has the potential te play
awaluapla, intagrated rale, helping to manage the alectricity grid. fuel vehicle fleets and industry,

The Mational Committee on Climate Change's Outuber 2016 report, "Mest Steps for UK Heat Policy”
cancludes that "Government must st out the vale of hydrogsn for buildings an the gas grid in the next
Parliament. The Gavernment will need to make a set of decisions in the next Parliament and beyand on the
best strategy for decarbeniging buildings on the gas grid. Spacifically, it will have fo devide an whethar
thars is a rola for hydrogan supplied threugh existing gas networks (axtending the usaful lifa of tha gas grid
infrastructure) alangside other technologies such as heat punps.”

NIC
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KPMG's January 2017 repart.” Energising The North™ emphasises the potential valug of the clean energy

zaclor Lo the lulure of the norlhern economy and linds Lhal:-

« From 1997 1o 2014, the Morthemn snsrgy sector [comprising the North West the Norh Esst and
Yorkshire and the Humber) accountsd for c23% of katal UK sconomic valua for the anargy sector,

+ |n 2014 the Northern energy sector cantributed some £2.5bn in GWA to the regional and the UK
seCnomy.

+ The Morlh plays an imporlant role in areas including smarl grids, decarbonized gas (e.g. hydrogen).
offehnre wind and transport

+ Koy projacts includa development of slactric vehiclas by Missan in Sunderand. H21 City Gate Projsct in
Leeds the Smart Grids Centre based in Newcastle, the Mational Centre for Energy System Integration.
lhe Nalional Inslilule for Smarl Dala Innovalion and lhe Siemens oflshere wind rbing [aclory in Hull
Many other devalopmants arc alss undorway across the rogion

+ Wa identify the potential for anargy to increass GVA growth by up to £2.3bn by 2050 by tuilding on
existing capabilities and exploiting cppartunities in smart power, decarbonised gas and transport.

Conclusion

We remain committed to exploring this exciting project in the Leeds City Region and Tees Valley. Thare is
wide spread poliical backing for this project and we are excited about its potential to net only contribute
significantly o ensuring ling term energy affordability, but to our locsl, and indeed the natianal carbon
emission reduction targets and also the patential transformational impacts an the economy in terms of joh
creation, growth and innovation. By establishing the first commercial hydrogen economy in the world it
would place our regian on the map, making it the first port af call globally for hydragen technalogies fregion
af excallence, We call on the Government to join with and support us in our efforts to develap the H21
project as a flagship project for the Northern Powerhouse and the UK as s whale.
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Appendix K: NICBID ACKNOWLEDGMENT

Sighed by
Background R
for and on behalf of NORTHERN GAS Authorised Signatory
A. The partles listéd below ("the Parties”) are parties to'the H21 NIC BID NETWORKS LIMITED
wi A .
Name and position of Authorised
The Partles have submitted this bid on the basis that they agree to provide their 25% share of the S!namry
mandatory 10% network licencees’ contribution towards the NIC bid costs. If the bid Is successful, .
the parties will sign contracting terms based on the arrangements typically adopted for collaborative mﬁf*7 w /)u;eﬂ_&()'\)
Netwerk Irinovation Allowance projects, LML) WRA s B @ L .
AssE 19 Manmaem e T £ SBFETY DFRUT T
All paitles can confirm their full Support and financial commitment to the H21 NIC bid. Date
; 1at- =3 2977
The Parties have signed this Acknowledgement on the dafe set out below. @'—
Signed by ... B BUE
forand on behalf of CADENT LIMITED Authorised Signatory Signed by
SRPR for and on behalf of WALES AND Authorised Signatory
WEST UTIUTIES UMITED

Name arid position of Authori¢ed T ERUPDIOMIP CEMRSINL,

Signatory Name and position of Authorised

Davro PAtken , rReon FhFeTy ArD signatory

o Merwork Sravesr C.Cames —r PANA CEMET

“ 20/0?/'} Nioeeaoe | oF AseE
Date

Zo X 2T

Signed by

for and on behaif of SCOTLAND AND Authorised Signatory
SOUTHERN GAS NEFWORKS PLC

Name and position of Authorised
Signatory

Ru. Densnawr
oD et
e \7}1-,{32&1&_1 201
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